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BLack, SIVALLS & BRYSON, INC. 





Today’s modern and complex processing systems require 
accurate control valve sizing. No one has recognized this fact 
more than BS&B. 


Therefore, as a service to industry, BS&B set out to 
develop a new, simple, more accurate method of sizing controls. 
Here it is in the new BS&B Controls Sizing Manual. 


co" This new, exclusive method uses two new “tools” to make 

OVER 60 YE|ARS sizing more accurate—the SIZE-O-GRAPH to determine what the 
valve MUST do and Cv RATINGS to determine what the 
valve WILL do. 


These “tools” are based upon thousands of hydraulic flow tests 
performed on all sizes and types of BS&B Controls in the 
industry’s largest and most modern flow testing laboratory. 
Results are proven by correlation with actual gas and 

steam flow tests. 


If you’d like a copy of this new manual, write to... 


IVALLS & RYSON,INC. 


Controls Division, Dept. 4-V4 
7500 East 12th Street, Kansas City 26, Missouri 
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A SHORTCUT 
FOR GETTING 
DATA FAST! 











SUPER-SLEUTH 
RECORDER R1021-D 

For Analog, Digital and 

"On/Off" Sequential Data... 

in the air or on the ground. 























LIGHT... COMPACT 
Height: 10” 
Width: 10” 
Depth: 10” 
Weight: 40 Ibs. 













Teledeltos electro-sensi- 
tive chart... high-speed, 
instantly-visible writing 






FEATURING: 


@ Ease of visual readability. 
@ 210 writing styli unaffected by vibration and shock. 


without ink or moving 
writing elements. 


The Super-Sleuth Recorder RI021-D has many 


@ Simplified semi-automatic and automatic a ; ‘ ie 
commercial and industrial applications in auto- 


data reduction techniques. 












matically testing, monitoring, measuring and 


@ Hi ity si i dings. : : 
High capacity simultaneous sequential data recordings recording data for management evaluation. 


@ Low cost per channel of recorded data. 


Radiation, Inc. fixed multi-styli recording systems, featuring large data handling 
capabilities, help to economically simplify the solutions to instrumentation problems 

in Aircraft, Missile, Chemical, Mining, Petroleum and other industries. We invite you 
to submit your inquiries and application problems. 





vare ox eu. ooms HUD RADIATION, 


Sales Department « P.O. Box Q « Melbourne, Florida 
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a good rule 
to follow: 


| for cabinets, instrument panels, weld- 
ments, enclosures, cubicles, housings, 
chassis, consoles— 


see 
Falstrom! 


The measure of any company is its repu- 
tation—and for 85 years now, Falstrom 
has been the outstanding name in the 
sheet metal fabricating field. Under one 
roof, Falstrom maintains complete de- 


the latest metal working equipment—all 
backed by men whose experience em- 
braces every type of enclosure require- 
ment. For all work in aluminum, steel 








FALSTROM 
MEANS— 
IT’S THAT 
MUCH BETTER! 








1870 


&, 





OE: 


FALSTROM company 


92 Falstrom Court, Passaic, N. J. 
PRescott 7-0013 
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and other alloys write for bulletin 142. 
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Joy Electrical Connectors 
and 
a Automatic Controls 


What to Automation... 
when electrical connectors fail? 


No automatic control system yet devised will keep 
machines running when an electrical plug or receptacle 
in their power feeder line or power control circuit 
poops out. That’s why JOY’s one-piece molded Neoprene 
connectors deserve your careful consideration. Factory 
wired and permanently molded to cord or cable, they 
provide many extra advantages that add up to a long life 
of dependable service under the most adverse operating 
conditions. (A few are listed below.) Available in a 
wide variety of designs with 1 through 16 contacts for 
150 to 600 volt applications. Joy Manufacturing Com- 
pany, Oliver Building, Pittsburgh 22, Pa. In Canada: 
Joy Manufacturing Co. (Canada) Limited, Galt, Ontario. 











Oil-Sealed ... 


3 
One-piece molded cable con- ° 
nector assembly protects conduc- 
tors from oil and other external 
impurities. Face rings protect 
contacts from similar contamina- 
. & 
tion, when connectors are en- _ 


gaged. 


Distortion-Proof ... 

Factory molded as trim one-piece 
synthetic rubber jacketed units, 

JOY connectors cannot crack, will” | 4 
not shatter and are practically 
impossible to knock out of shape. 


Moisture-Tight 

JOY electrical connectors are 
absolutely moisture-tight from 
wiring juncture to face... and 
when connected even their con- 
tacts are protectively encased in 


a resilient housing. 


SONRCE OF INDUSTRY'S 
FAVORITE ELECTRICAL 
CONNECTORS SINCE '28 



















New Bulletin — 
Ask for No. B59 


CD 355.2 
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Developments in Laboratory Instruments 





TO SAVE VALUABLE MAN-HOURS, G-E CONSOLE IS FUNCTIONALLY DESIGNED FOR SIMPLE OPERATION; FEATURES EASY-TO-REACH CONTROLS. 





INSTANTANEOUS VAPOR DETECTOR PHOTOELECTRIC RECORDER 


News About Other 





General Electric 
Instruments for 
Precision Measurement 


in the Laboratory 





FOR HEALTH MONITORING of mercury vapor RECORDING RAPIDLY CHANGING PHENOM.- 
and certain other toxic vapors, this portable ENA with minimum load on measured 
General Electric instrument pinpoints con- circuit, recorder is available with sen- 
taminated areas; can be used wherever sitivity as low as 1 ua full scale. Re- 
115-v., 60-cycle power is available. $495.00.* sponse times as low as 4 second. $700.00.* 


*Manvfacturer's suggested retail price. 
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Minimize Calibration Time With Versatile, Easy-to-use 
General Electric Instrument Standardization Console 


PROVIDES REGULATED POWER SUPPLIES FOR PRECISE 


The General Electric instrument stand- 
ardization console provides regulated 
power supplies for precise calibration of 
a wide range of electric instruments. 


HIGHLY ACCURATE, the console provides 
facilities for referring both d-c and a-c 
measurements to a standard cell, or to a 
laboratory standard instrument. 


WIDE RANGES of a-c and d-c power sup- 
plied by the console facilitate the cali- 
bration of voltmeters, ammeters, fre- 
quency meters, and many others. Both 
a-c and d-c standardization tests can be 
made up to 750 volts, or 150 amperes; 
with low-distorted a-c frequencies from 
50 to 3000 cycles. 


FOR FURTHER INFORMATION about the 
General Electric instrument standardiza- 
tion console, contact your nearest G-E 
representative, or clip coupon below for 
Bulletin GEA-6005. 


GAUSSMETER 


CONVENIENT, POCKET-SIZE G-E meter facil- 
itates checks of flux density and direc- 
tion in magnetic gaps. Ideal for use in 
small or congested areas. Price includ- 
ing reference magnet and case, $67.10.* 


Convenient range- and circuit- 
selector controls and indicators 


Non-magnetic work 
table area 


elt 


Large, usable storage 
area 


HIGHLY VERSATILE, the General Electric 
console has necessary switches, busses and 
indicators for calibration of a-c and d-c 


INDICATING FLUXMETER 


HIGH ACCURACY AND SENSITIVITY combine 
to provide precise magnetic measurement. 
Accuracy is +1% of full-scale deflection; 
sensitivity is as high as 1 millimeter deflec- 
tion per 100 flux lines. Price is $278.50.* 


INSTRUMENT CALIBRATION 


Easy-to-reach operating 
controls 


laboratory-standard, portable, small-panel, 
switchboard, and recording instruments. Re- 
quires only normal 115-v, 60-cycle source. 


SECTION £605-76 
GENERAL ELECTRIC COMPANY 
SCHENECTADY 5, N. Y. 


Please send me the following bulletins: 
Instrument Standardization Console (GEA- 
6005) 

Instantaneous Vapor Detector (GEC-1275) 
] Photoelectric Recorder (GEC-245) 


] Equipment for Measuring Magnetic Prop- 
erties (GEC-777) 


NAME.. 

COMPANY 

STREET 

STATE... 


CITY ZONE 


GENERAL @@ ELECTRIC 
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3 NEWS AT BRISTOL . . . WHAT'S NEWS AT BRISTOL 





Bristol... automation... 





and you 


Magic word, automation. Or push-button operation. It’s a breath-taking 
concept, too — plants running practically unattended. 
Breath-taking — but not new. 
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BRISTOL COORDINATED CONTROL SYSTEM auto- 
matically controls operation of “Columbia” 
Activated Carbon Solvent Recovery Plant at the 
New York Daily News. Similar control systems 
are used in many other solvent recovery plants 
designed and supplied by Carbide and Carbon 
Chemicals Company, a Division of Union 
Carbide and Carbon Corporation. 


BRISTOL'S “MECHANICAL BRAIN” is the leader 
of the Coordinated Process Control System. . . 
accurately coordinating all the variables, includ- 
ing mechanical operations, so that each phase 
of the process takes place in proper sequence. 


AUTOMATION is often thought of in terms of 
plans or even dreams; here at the Buffalo Foam 
Rubber Products Plant of the Dunlop Tire and 
Rubber Corporation, it is a reality. This auto- 
matic plant, designed and built by Mechanical 
Handling Systems, Inc., Detroit, uses Bristol 
Dynamaster® Electronic Instruments and 
Automatic Controllers as part of a process em- 
ploying today’s most advanced automatic pro- 
duction techniques. The result — greater effici- 
ency and productivity, lower costs, improved 
product, and stronger competitive position. 


THE WORLD’S LARGEST COAL CLEANING PLANT 
employs automation in lubricating system. The 
Hanna Coal Co., Adena, Ohio, uses Bristol Con- 
trols and Recorders in its fully automatic time- 
controlled centralized system for mass lubrica- 
tion. This system promotes safety and, above all, 
insures positive delivery of the right lubricant 
in the right quantities at the right time to all 
bearings, regardless of operating conditions. 














Twenty-one years ago... 


"Way back in 1934, The Bristol Company 
led the way in the field of automation by de- 
veloping the Bristol Systems of Coordinated 
Process Control. 

These systems automatically controlled and 
coordinated all of the variables and operations 
of a process—such as the time of operation of 
valves, pumps, blowers, dampers, and the con- 
trol, at a definite value or according to a time 
program, of variables that affected the uniform- 
ity, quality, cost, and yield of a product — such 
as temperature, pressure, liquid level, flow, pH, 
humidity, and speed. 

RESULTS: They eliminated variations in process- 
ing that caused inefficiency — cut down rejec- 
tions and waste — insured product uniformity — 
helped ‘cut processing time as much as from 
10 days to less than 30 minutes. And these 
systems quickly paid for themselves. 

A REVOLUTIONARY CONCEPT: They brought 
automatic plant operation to a startling reality 
and were hailed at the time as a fundamentally 
new development — which would in time revo- 
lutionize manufacturing. 

Today, Bristol Coordinated Control Systems 
are used in the chemical, oil refining, rubber, 
tobacco, textile, steel, metal working, food, 
paper, the automotive industries, and many 
others. They are so completely automatic that it 
is only necessary to push a button to start up, 
another to shut down. 


The modern solution to processing and 


manufacturing control problems 


Bristol’s System of Coordinated Process Con- 
trol is made possible only by the following 


BRISTOL 


unique combination of facilities, which have 
been developed during 66 years of building and 
applying thousands of automatic control sys- 
tems and instruments in practically all industries: 


1. The complete line of modern Bristol Auto- 
matic, Controlling, Recording, Electronic, 
and Telemetering Instruments, represent- 
ing some of the most advanced ideas in 
instrument engineering. 


bo 


. Bristol’s Fully-Automatic Time-Cycle 
Controllers or “Mechanical Brains”. 


3. Bristol’s ability to combine electronics and 
the mechanical phases of automation. 

4. The ability and facilities of Bristol’s engi- 
neering staff, gained by long experience 
and Bristol's pioneering work in the field 
of automation. 


Bristol Application Engineering 


is at your service: 


Our application and field engineers are ready 
to solve control problems involving automation 
and Coordinated Process Control Systems by 
working jointly with your research, develop- 
ment, and plant engineers. 


Have you an automation problem? 


Our application engineers and nation-wide 
group of field engineers would like an oppor- 
tunity to work with your technical staff on any 
problems of automation for which Bristol Con- 
trolling and Recording Equipment and Bristol 
Coordinated Control Systems appear to be the 
solution. 53 


PRODUCTS: 





Automatic Controlling, Recording, and Telemetering Instruments for: Including: 


Pressure, Vacuum, Absolute Pressure, pH and Conductivity. 

Draft, Differential Pressure, and Speed of Travel and Rotation. 
Barometric Pressure. Humidity. 

Temperature (Thermometers, Potentiometers Voltage, Current, Power, and 
and Pyrometers). Load Totalization. 

Flow, Water and Liquid Level, Mechanical Motion, Position and 


and Specific Gravity. Operations 


Automatic Control Systems 
Electronic Potentiometers 

Graphic Panel Instruments 
Time-Cycle Controllers 
Time-Program Controllers 
Pneumatic and Electric Controllers 
Instrument Panels 

Control Valves 


Write to The Bristol Company, 113 Bristol Road, Waterbury 20, Conn. 


BRISTOL 





POINTS THE WAY IN 
HUMAN-ENGINEERED INSTRUMENTATION 


TRADE MARK 


BRISTOL'S 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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“AR Re conto Pere ore bs as . 


HAGAN instruments 


for Research - Development | 








Hagan supervisory control center for engine test facility 


Hagan thrust stand 
with ThrusTorq 
measuring airplane thrust 





. SORE TREY 
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and Controls 


Production 


Hagan can help you solve the Automatic or Manual 

- Control and Instrumentation problems involved in the 
modernization of existing or the building of new Aero- 
nautical or Automotive Test Facilities. 

All of the following—and many others—are in successful 
use in Aeronautical Test Facilities in leading testing 
laboratories throughout the country. 

Hagan Automatic Control has been furnished for: 


ENGINE TEST FACILITIES—For use in controlling pres- 
sure, temperature, pressure ratio, volume or mass flow 


WIND TUNNELS—Recirculating type; Blowdown type; 
Open loop type 

PROGRAMMED SIMULATION OF FLIGHT 

COMPRESSORS AND EXHAUSTERS 

GAS TURBINES 

BURNER STANDS... and many other applications 


SURGE CONTROL—Hagan Pressure Ratio Indicators 
have been furnished for measuring and controlling 
pressure ratios for surge control of centrifugal com- 
pressors and exhausters. (Bulletin MSP-103A) 


MASS FLOW MEASUREMENT—Hagan Mass Flow 
Meters have been furnished for measuring air flow 
corrected for absolute pressure and temperature 
variations, to indicate, record, integrate or control 
weight flow—or standard cubic feet per minute—or 
velocity. (Bulletin MSA-112) 


THRUST AND TORQUE MEASUREMENT— Hagan 
ThrusTorgs have been furnished for measuring jet 
engine and rocket thrust—and cradle dynamometer 
load. (Bulletin 9345) 


” All of these systems have been designed with basic Hagan 
components. A system may use one or a combination of 
electric, hydraulic or pneumatic operating media to meet 
the specific requirements of the application. These systems, 
although designed for special applications, can be and are 
used in production lines. Hagan units and automatic 
controls bring new accuracy and flexibility to process 
control systems. 














































Hagan control center 








Hagan Corporation has its own Analog Computer for for wind tennal 
analyzing complex control circuits. Contract time is 
solicited for such problems as you may have. Hogan patumatle aperctens 
If you have a problem, write or call us or our nearest for wind tunnel valves 






district representatives, located in principal cities. 











Mee «=H AGAN CORPORATION 


HALL Hagan Building « Pittsburgh 30, Pennsylvania 
BUROMIN Control Systems for Aeronautical and Automotive 
CALGON Testing Facilities * Ring Balance Flow and 
Pressure Instruments * Metallurgical Furnace 
Control Systems * Boiler Combustion Control Systems 
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Actual Size 11” x 12” 
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Space-saver size—because of its effi- 
cient design. Its compactness permits 
substantial savings in panel space... 
two instruments can be mounted side 
by side in 24 inches. 


Operating ease—is not sacrificed for 
size. Readability and “‘setability” of the 
Speedomax H illustrated are entirely 
comparable with that of conventional 
large size instruments. 

Instrument adaptability—to any 
temperature control problem. Available 
as an indicator, or round or strip chart 
recorder, with any selected control an 
integral part of the instrument. 
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To see for yourself, the features of 


SPHEDOMAX H 


anew concept in instrumentation 


Here’s the new Speedomax H two-position recording 
controller. It is one of a complete line of electronic, null-balance 
potentiometer instruments that combines compactness with 
“big instrument” performance... outstanding simplicity of design 
with mechanical ruggedness. Speedomax H has design and 
construction features that result in multiple advantages unique 

in the field of industrial instrumentation. 


On-the-job economy — in initial cost, 
in ease of installation and during year-in 
year-out service. The outstanding de- 
sign simplicity and mechanical rugged- 
ness of all parts meet L&N quality 
standards for continuous, trouble-free 
performance. 


Streamlined production—from the 
simplest indicator to the most complete 
standard controller. The instruments 
you want are delivered when you want 
them because they are assembled from 
ingeniously designed, in-stock compo- 
nents, producing savings in point-of- 
application cost to you. 


S 


A complete line: Indicator, re- Speedomax H, get our pictorial fold-out 
corder, controller... round or which takes you inside the instrument. 
strip chart . . . two-position or Just phone our nearest office or write us 
proportioning control. at 4955 Stenton Ave., Phila. 44, Pa. and 
ask for Die-Out ND46(1). 2 


NORTHRUP 


automatic controls « furnaces 











How external lubrication is eliminated in 


Leslie 
diaphragm control valves’ 
new packing design 















The new Leslie Lubrisoft® Packing now standard in all Leslie 
Diaphragm Control Valves is recommended for valve body 
temperatures up to 500° F. without external lubrication. When 
used with the Leslie thermo-isolating bonnet, it may be used for 
valve body temperatures up to 1050° F., eliminating need for 
external lubricators and isolating valves in most applications. 





LESLIE LUBRISOFT® 
PACKING MEETS 

ALL 8 MOVING STEM 
SEAL REQUIREMENTS 


Each of the several types of Lubri- 
soft split ring packing is specifically 
designed to maintain the low-friction 
stem seal against one or more of these 
deteriorative service conditions: 











1. Internal pressure, 
temperature and fluid 


. Contamination 

. Corrosion 

. Electrolytic Action 
. Oxidation 

. Extrusion 

. Abrasion 

. Friction 














SON OouUusD WW 








Overall result is a standard, economical packing, with superior 
stem sealing properties and long service life. Precision fabricated 
to conform exactly to the deep stuffing box dimensions, the 
positive, split ring design makes fast replacement possible, 
without disturbing body or stem adjustment. 


Plan to reduce control valve maintenance costs by sending for 
Bulletin 5304 Diaphragm Control Valves. 


eeeeeesee 
eeeeeseoetce 


LESLIE CO., 299 GRANT AVENUE + LYNDHURST, NEW JERSEY 


LESLIE CONTROL VALVES 


MARK 


*“*‘STILL FAR AHEAD (NN QUALITY AND PERFORMANCE’’ 
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ADVANTAGES IN A SINGLE RECORDER 





Clear, Continuous Records without 
Poisoning ...on the New Bailey Recorder 


% Faithful chart records of measured variables are the key to a meaningful, depend- 
able analysis of operating trends and conditions. Money spent for more accurate 
metering, for faster response, is money down the drain—unless it’s matched with 
chart records that are equally accurate. ; 
That’s why these features of the new Bailey Recorder are important to you: 

1. Bailey’s exclusive sealed capillary-action inking system maintains continuous flow 
to the pen tip, and traces sharp, opaque, quick-drying records. “Poisoning” of inter- 
secting records is practically eliminated; no blots or smears during operation or 
chart changing. 

2. Pens are mounted on concentric centers, trace on parallel time ares only 42/1000” 
apart. This simplifies analysis of two or more records. 

3. Interchangeable plug-in receiver units permit practically limitless record-grouping 
combinations. 


Write for Product Specification E12-5 and actual chart sample. Ps2-1 





ONLY BAILEY OFFERS ALL THESE 


Pre-calibrated plug-in receiver units 


Up to four pneumatic or electronic receivers 
—or two receivers and two integrators 


Coutrols for 


Any four variables on one chart—easily 


read and interpreted 1041 IVANHOE ROAD TEMPERATURE 
A full year’s ink supply at one loading PRESSURE 
Faster shipment—from stock GAS ANALYSIS 
Minimum inventory of parts FLOW - LEVEL 


Minimum instrument investment for process Controls fer Power aud P2000ss RATIO - DENSITY 


cycle expansion or alteration 
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~ Everyon 
Moone ED 
price... 


quality. So here again is proof that you can 
count on Veeder-Root for any type of counter 


For moderate counting duty, where extreme long 
life is not required, this new small reset counter 
is completely reliable. Compact and easily con- 
nected, this counter may be actuated by any 
type of switch, relay or photoelectric unit. 
Recommended speed is 700 counts per minute. 
Power consumption is low . . . and so is the 


INCORPORATED 
CONNECTICUT 


For more 


VEEDER-ROOT 
HARTFORD 2, 


inform 
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\ Chicago 6, Ill. « 


everyone Can Count on 


ER-ROOT 


but still the same Veeder-Root high 


. . electrical, mechanical or manual... for 
any type of duty in any field from atomics 
to electronics. What do you need to count? 

Write: 
New York 19,N. Y. © Greenville, S. C. 


Montreal 2, Canada « Dundee, Scotland 
Offices and Agents in Principal Cities 


‘The Name that Counts’’ 


n inquiry card. 





HONEYWELL SUPPLIES MAN 


Ask your local Honeywell Supplies Man about these latest 
additions to the extensive line of Honeywell pyrometer 
supplies. They could be just what you need for special 
temperature measuring or testing applications. 


New accuracy and serviceability in pencil type thermocouples 


Two-wire small-diameter thermocouples just developed by 
Honeywell give an accuracy of +5 F from 0 to 1000 F. 
Their stainless steel tube provides greater durability, and 
eliminates errors from parasitic emf’s. The couples come 
with general purpose terminal head, or with a weatherproof 
screw cover head. The small tube, *” or 44” O.D., fits 
practically anywhere. Lengths from 6” to 72” are available. 


AN connectors simplify temperature test set-ups 


Two-wire connectors made to AN specifications, but with 
Brown part numbers for identification, are the ideal solution 
to the problem of connecting thermocouples to recorders 

in permanent or semi-permanent test panels. A complete 
series of models is available, all with screw type connecting 
action . . . including box receptacle, cable receptacle, 
straight plug and cable clamp types. 

Your HSM will be glad to give you complete information, 
and to discuss how the HSM Plan can bring new 
convenience and economy to all your pyrometer supplies 
purchases. Call him today .. . he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., /ndustrial 
Division, Wayne and Windrim Avenues, Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Pyrometer Supplies Buyers’ Guide No. 100-6. 
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og” gives lowest cost with permanence 


for Instrument and Control Tubing 


This construction of CRESCENT ARMORED 
MULTI-TUBE may be laid in a deep trench for long 
underground runs without any further protection 
other than that offered by its lead sheath, asphalted 
jute, two layers of heavy galvanized flat steel armor 
with an asphalt impregnated jute outer covering. 

The economy of this method is obvious. Also the 
copper tubes are completely safe from mechanical in- 
jury, and the thick asphalted jute coverings protect 
the metal from moisture, corrosion, earth acids and 
alkalies. Under road crossings where very heavy 
traffic is encountered, it may be buried in concrete 
poured into the bottom of the trench or it may be 
pulled through conduit. 


Up to 37—'%” O.D. copper tubes may be fur- 
nished in this and several other forms of CRESCENT 
ARMORED MULTITUBE, one of which should best 


suit your installation requirements at substantial 
cost savings and resulting in a better protected job. 


Licensed under U.S. Patent 2,578,280. 


SEND FOR BULLETIN GIVING 
INFORMATION AND ENGINEERING DATA 


CRESCENT 


INSULATED WIRE & CABLE CO. 


OLDEN & TAYLOR STS., TRENTON, NEW JERSEY 
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A COMPLETELY DIFFERENT 


DIGITAL COUNTE 


* LOWER POWER-—This new Digital Counter is 
the first designed for 150-volt operation—one-half the 
voltage, one-fourth the power required for conven- 
tional counters. The result is less heat, greater 
reliability. 


* LOWER COST—The use of modern printed 
circuits, plus efficient volume production permits 
substantial savings. These savings are passed on to 
you. The Countess is the lowest-cost high-quality 
counter available! 


* VERSATILE READOUT—Data can be presented 
visually on neon or drum-dial readouts, or electrically 
in four-line code or analog stair step. No other 
counter is so versatile! 


The Countess—a new idea in Digital Counters—is 
an ideal choice as a component in your equipment 
for testing, control, computers, etc. Send now for 
complete information! 


Counter with new printed circuit 
designs is compact, requires only 
1.2 watts. Counter generates 
one output pulse for each ten 


input pulses. 
This Digital Cycling Counter, 


incorporating the Countess, is used for 
counting events, measuring frequency, 
RPM, etc. 


For Gaediuen wtie: Grech Siee- BRUSH ELECTRONICS COMPANY 
tronics Company, Department 
INDUSTRIAL AND RESEARCH INSTRUMENTS 


A-4, 3405 Perkins Avenue, PIEZOELECTRIC MATERIALS ¢ ACOUSTIC DEVICES Division of 
Cleveland 14, Ohio. MAGNETIC RECORDING EQUIPMENT AND COMPONENTS Clevite Corporation 








© * . . . 
noise data 1n writing! 


Brush Third-Octave Spectrum Recorder simplifies 


noise and vibration analysis 


This sound analysis and record- 
ing system provides a written 
chart record of noise levels—in 
l4, octave bands. The chart gives 
you complete and accurate data 
for noise analysis. 

Above is a complete frequency 
and noise level analysis chart for 
a small electric motor—recorded 
in 18 seconds! Thus, the system 
speeds and simplifies noise 


studies. The Third-Octave Spec- 


trum Recorder also can operate 
unattended for 24 hours or more, 
where long-duration records of 
factory noise levels are desired. 

The only recording system of 
its type that provides narrow 
frequency band analysis, the 
Third-Octave Spectrum Recorder 
is also used in data reduction 
from magnetic tape, frequency 
analysis measurements, etc. Write 
now for complete information. 


Third-Octave Spectrum Recorder provides a complete, self 


contained system for noise analysis and recording —no 
extras to buy. Precision microphone and microphone calibra 
tion apparatus available. System automatically scans and 
plots sounds from 35 cycles to 18,000 cycles per second in 


octave steps 








SOUND AND ELECTRO-ACOUSTICAL 
MEASUREMENTS 


Brush offers a completely integrated line of equip 

ment for sound measurement systems. Developed 

for laboratory use by Bruel & Kjaer, these precision 

instruments are finding ever broader use through- 

out industry. 

BL-1012 Beat Frequency Oscillator 

BL-1502 Deviation Test Bridge 

BL-1604 Integration network for Vibration Pickup 
BL-4304 

BL-4304 Vibration Pickup 

BL-2002 Heterodyne Voltmeter 

BL-2105 Frequency Analyzer 

BL-2109 Audio Frequency Spectrometer 

BL-2304 Level Recorder 

BL-2423 Megohmmeter and D.C. Voltmeter 

BL-3423 Megohmmeter High Tension Accessory 

BL-4002 Standing Wave Apparatus > 

BL-4111 Condenser Microphone 

BL-4120 Microphone Reciprocity Calibration 
pNeleleigehitny 

BL-4708 Automatic Frequency Response Tracer 


BRUSH ELECTRONICS 


INDUSTRIAL AND RESEARCH INSTRUMENTS 
PIEZOELECTRIC MATERIALS ° ACOUSTIC DEVICES 
MAGNETIC RECORDING EQUIPMENT AND COMPONENTS 








VERSATILE SIGNAL SOURCE 
Beat Frequency Oscillator has 
continuously tuned frequency 
range, metered output, fre- 
quency modulating circuit, 
variable compression and 
noiseless oscillator stop switch 


COMPANY 


Division of 
Clevite Corporation 





MEASURES FREQUENCY COM- 
PONENTS... Audio Frequency 
Spectrometer measures ampli- 
tudes of frequency compo- 
nents in complex AC voltages. 
A high-gain, precision 
instrument 








HIGH SPEED RECORDING... 
Level Recorder permits high 
speed recording of varia- 
tions in level of AC voltages 
from 20 to 200,000 cycles 
per second. Simplifies record- 
ing noise levels, frequency 
response curves, etc 


For brochure write Brush Electronics 
Company, Dept. A-4, 3405 Perkins 
Avenue, Cleveland 14, Ohio. 








A BILLION OPERATIONS 


ece with no maintenance whatsoever 


eee from NEW CLARE 
Mercury-Wetted Contact 


e Cutaway view showing sealed- 
in-glass, mercury-wetted contact 
switch, surrounded by the oper- 
EV aiale mete) | mr- Lele Mt -Jaler-t-1-10 Ma lame Mint =) C1 
housing mounted on an octal base. 


CLARE Type HG and HGP Relays 
are built to meet 

the exacting requirements for— 
Computing machines  Servo-mechanisms 

Sorting machines 

Tabulating machines 


Totalizers Signa 
All kinds of high-speed switching devices 


Outstanding features of 
CLARE Type HG and HGP Relays 


ELECTRICAL FEATURES 


LONG LIFE: Conservative life expectancy of 
over a billion operations when operated within 


ratings. 
HIGH SPEED: Give consistent performance 
at speeds up to 60 operations per second. 


HIGH CURRENT—and voltage-handling ca 
pacity (up to 5 amperes, and up to 500 volts). 


UNIFORMITY: Operating time varies by only 
about 0.1 millisecond under constant drive 
conditions. 

CHATTER-FREE: Mercury dampens arma- 
ture vibration and bridges mechanical chatter 
between metal contact surfaces. 


MECHANICAL FEATURES 


@ Small chassis space required 
@ Convenient plug-in mounting 
@ Environment-free 

@ Tamperproof 

@ High sensitivity 

@ Maintenance-free 

@ No contact wear 

@ Adjustment cannot change 


eam «Circle 14 On inquiry card. 
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Type HG Relay Type HGP Relay 


This first announcement of the new CLARE Mercury- 
Wetted Contact Relays is of especial importance to designers 
of high-speed switching machines and devices which de- 
mand accuracy and dependability of a high order. 

In these relays, with their unique electrical and mechani- 
cal stability, you will find exactly the qualities this kind of 
apparatus requires— 

— Long life (over a billion operations) 

— High speed (up to 60 operations a second) 

—High current- and voltage-handling capacity 
(up to 5 amperes, and up to 500 volts) 

— Bounce- and chatter-free contacts 

— Extraordinary uniformity of operation 


These distinctive characteristics are achieved by the use of 
platinum contact surfaces, continuously wetted with mer- 
cury by capillary action, and the hermetic sealing of a 
magnetic switch in a protected glass capsule, filled with 
pressurized hydrogen. 

CLARE Type HG Relays comprise a switch element and 
an operating coil. CLARE Type HGP Relays are similar 
but can be factory-adjusted to provide either biased or 
polarized operating characteristics. 


For complete information on the new CLARE Type HG and 
HGP Mercury-Wetted Contact Relays, contact your nearest 
CLARE representative or address C. P. Clare & Co., 3101 
Pratt Blud., Chicago 45, Illinois. 


Send for CLARE Sales Engineering Bulletin No.120 


BELLAS 





A 
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CRART ELECTRICAL 








HIGH TEMPERATURE, MOISTURE 
AM) FIRE RESISTANT! 


. 1s 


TEMPER AT ginny oF NICKEL CLAD COPPER CONDUCTORS, 
“AND FIRE RESISTANCE OF ASBESTOS, 

ON VALUE AND HIGH TEMPERATURE RESISTANCE OF GLASS FIBERS, 

1G TEMPERATURE RESISTANCE AND BONDING PROPERTIES OF SILICONE, 
CT STRENGTH AND SOLVENT RESISTANCE OF TEFLON * 

} Give the aircraft industry an electrical 

hat will withstand continued sation! 

is over 600 F and still maintain - 


+ Wet DIELECTRIC STRENGTH 


ABRASION RESISTANCE 
v«~ RESISTANCE TO ‘SOLVENTS, OIL, FUEL, HYDRAULIC FLUID, 
SALT WATER 


. TO MAINTAIN CIRCUIT INTEGRITY IN AN EMERGENCY 
OF FIRE FOR SUFFICIENT LENGTH OF TIME TO COMPLETE 
-- CORRECTIVE PROCEDURES. 
























RITE for complete data on High Temperature Cable 
to Air Force Specification 32659 


PLE WIRE. to the latest Military Specifications 


All-W-5846 A CHROMEL-ALUMEL - 
- MIL-W-5845 A IRON-CONSTANTAN 
-W-5908 A COPPER-CONSTANTAN 


HIGH QUALITY MATERIALS AS OUR HIGH TEMPERATURE CABLE 
ts thermocouple wire for lds weed thermocouple, thermometer installations 


* Du Pont trade-mark. | 


THE LEWIS ENGINEERING CO. 
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Trend eS INSTRUMENTS 


AUTOMATION 








Instruments Publishing Company was first to report (in January, 
1954) that 1953 volume of instrument business was $4.2 billion. 
Recent data (see page 630) indicates 1953 volume exceeded $6 
billion. Other publishers and economic bureaus please note: IPC 
is first with this news; please credit. 








Radio-electronics industry annual volume doubled in two 
years from 4.4 billion in 1952 to $8.8 billion in 1954. 
Other industries in 1954 report: automobiles—$1l billion; 
steel—$10 billion; industrial research (private)—$2 billion; 
research (federal)—$2 billion; capital expenditures by in- 
dustry in 1954—$27 billion. , 


Dangerous trend: number of U. S. engineering graduates decreased 
in 1954 to mere 20,000; contrasted with 50,000 in 1950. Russia 
has increased engineering graduates from 28,000 in 1950 to 54,000 
in 1954 (according to GE survey). 




















Interest in foreign and Canadian market is growing rapidly. 
Minneapolis-Honeywell now has $6 million investment in 
Canada. Watch for increased activity in export on part of 
American instrument industry. Big news is about to break. 











Speakers and editors talking about "manless computer-controlled 
factories" are aiding labor in demand for Guaranteed Annual Wage. 
GAW may (or may not) be goodfor economy—but editors in field of 
instrumentation should know better than to pin blame for unem- 
ployment on automation, which they are unconsciously doing 
with their superficial generalizations. 


Diversified Growth Stock Fund, Inc., of Elizabeth, N. J., 
has increased holdings in National Research Corp., Na- 
tional Cash Register, Raytheon, Texas Instruments, Sprague 
Electric, and Westinghouse. Also held are Beckman, CEC, 

IBM, M-Honeywell, Telecomputing, and other "growth" stocks. 


Research Institute of America polled 1000 companies with ques- 
tion how soon will automation be in extensive use in your in- 
dustry? Answers: Now—16%; before 1964—23%; never-—34%. Smaller 
companies reported less activity in automation than larger 
companies. 


Atomic power may supply 50% of all new electric power 
installation by 1976, says R. J. Cordiner, President, GE. 
Coal, gas, and oil market also will expand due to electric- 
power demand for automation, 


Trends at IRE Show: Increased emphasis on components of all 
types, and on magnetic-tape recording of data, digitizers, and 
computers. Reeves and Beckman revealed new analog computers; 
Wang Laboratories showed an exciting new digital computer with 
analog programming. Trend is to increased use of graphic (printed) 
circuitry in all electronic equipment. First transistorized con- 
sumer product (Regency Radio with TI transistors) is capturing 
portable radio market, 
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Tape-controlled 
Boring Machine 


NEW YORK, N. Y.—The punched-tape principle of 
automatic operation has been applied to a precision bor- 
ing machine used for production of instrument gear trains 
(boring shaft holes in gear plates). 

A system worked out by Minneapolis-Honeywell Regu- 
lator Co. includes a standard four-spindle Excello preci- 





sion boring machine modified with built-in electronic con- 
trols and circuitry and a tape “reader” housed in a spe- 
cially-built control cabinet. John Rudolf, head of Honey- 
well’s automation section, said this represents the first 
application of tape-controlled principles to a precision 
boring machine. 

Hold coordinates and feed instructions are punched on 
the tape by a perforating machine similar to a typewriter. 
Electronic signals from the tape regulate the linear travel 
of the boring machine’s hydraulic cross slide and the 
rotary motion of a specially-designed holding fixture 
mounted on the cross slide. 

“Early studies indicate that it is ideally suited for 
medium-sized production lots,” Rudolf said. “Tooling and 
set-up costs are substantially lower than for punch press 
piercing dies or drill ream jigs and operating costs are 
less than for jig borers.” 

Tape preparation requires approximately five minutes 
per hold and complete changeover from one part to another 
can be accomplished in about 30 minutes. The machine 
is accurate to plus or minus 0.0005 inch. 

Operator in foreground is using the tape perforator. 
Tape reader and control cabinet is at left. Boring machine 
is at upper right. 


Lathe Controller 
DETROIT, MICH.—Electronic-feedback control system 


maintains speed with less than 1 percent variation when 
full load is applied on this new special 125-hp, 32-inch 
LeBlond lathe, installed recently in the machinability lab 
of Carboloy Department of General Electric Company, 
Detroit. The lathe will be used to test machinability of 
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materials with various grades of cemented-carbide tools. 
Drive unit of the 12-ton machine can deliver 200 horse- 
power for long periods, will supply up to 350 horsepower 
before quitting. Complete G-E electronic instrumentation 
includes high and low horsepower meter, overload indi- 
cator, work-riding tachometer for surface speed, infinitely 


variable speeds from 4 to 1400 rpm. 


Data Processing 


VAN NUYS, CALIF.—Marquardt Aircraft Company, 
Van Nuys, California, has installed a high-speed data 
processing system that will reduce by as much as 65 per- 





cent the time lag in gaining test results on ram-jet engines. 
The $160,000 electronic unit, manufactured by the Sys- 
tems Division of Consolidated Engineering Corporation, 
Pasadena, California, converts 400 readings to digital 
form in one second; information channels can be sampled 
at rates up to 1600 readings a second, according to Ken- 
nett W. Patrick, Systems Division director at Consoli- 
dated. The entire system operates with an overall error 
of less than 1 percent. 


Automation School 


PHILADELPHIA, PA.—Some 315 employes, repre- 
senting 204 companies in 33 states and 9 foreign nations, 












NEW! a flow meter 
with no flow 


restrictions! 














a © Adds no pressure drop — 

* nothing inside pipe to interfere 

e° with fluid flow. 

° @ Measures fluid velocity directly. 

®@ Overall accuracy better than 
1% of range over entire scale. 

@ Uniform flow scale. 

@ Full accuracy sustained even on 
liquids other meters can’t handle: 
viscous, corrosive, or pulpy — 

: even sand-water slurries. 

oe @ Easy range change — either by 
Multi-Point Switch or range coil 
replacement, as preferred. 

@ 2” to 8” sizes standard — larger 

sizes as required. 





FOXBORO 
MAGNETIC 
4 FLOW METER 








This premium-performance meter measures magnetically the flow 
rate of virtually any liquid except hydrocarbons. It completely ignores 
such common metering headaches as turbulence, suspended solids, 
and variations in conductivity, density, and viscosity. It even 
measures reversing flows. 

Installation is simple. The magnetic spool piece connects into the 
line like any equivalent length of pipe —no seals, purges, meter 
runs, or straightening vanes required. Connects by 2-conductor cable 
to remote Dynalog Electronic Flow Recorder. 

Maintenance is practically eliminated. There are no pressure taps 
to become plugged or frozen, no working parts to foul. 

Foxboro Magnetic Flow Meters are already in use on such widely 











SIMPLE, TROUBLEFREE, OPERATION 


The Foxboro Magnetic Flow Meter operates 
on the same principle as a power generator. 
A magnetic field (A) is maintained through 
a standard pipe section (B) of stainless steel 
or other non-magnetic material. This pipe 
section is lined with Kel-F® or other insulat- 
ing material. Liquid passing through pipe 
acts as moving conductor, generating an 


electric voltage which varies in proportion 
to liquid’s average velocity. Flush electrodes 
(C) in pipe wall “pick up” this voltage which 
is recorded in desired flow units by Dynalog 
Electronic Recorder or Controller. 


different liquids as beer, sand-and-water, rosin size, rock-and-acid 
slurry, viscose, and highly corrosive liquid detergent. Find out how 
this precise, troublefree flow meter can help your processing. Write 
for complete details. 


THE FOXBORO COMPANY, 464 NEPONSET AVENUE, FOXBORO, MASS., U.S.A. 


OXBOR 


+ 2 A @ an OF we of, 8 WO) 2 


Foremost in 


FLOW METERING 


FACTORIES IN THE UNITED STATES, CANADA, AND ENGLAND 
For more information circle 17 on inquiry card. 
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were graduated from Minneapolis-Honeywell’s Industrial 
Division Training School in Philadelphia in 1954, M. J. 
Ladden. director of the school, has announced. Courses 
covered instruction in the application of electric, pneu- 
matic and electronic automatic recording, measuring and 
controlling instruments, including their repair and main- 
tenance. The courses lasted from two to six weeks. 


Flight-test-data Reduction 
DALLAS, TEXAS.—Computing flight test data from 


oscillograph records, ordinarily a time-consuming, labori- 
ous process, has been speeded up ten times by a semi- 
automatic computer developed by Chance Vought Aircraft. 

The company has filed for a patent on the data com- 
puter, five of which have been given a thorough tryout. 
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Two sizes of the computers were produced, one capable of 
handling eight traces and the larger one 20. 

An oscillograph record consists of a rolled strip of 
paper along which are the traces obtained when a test 
plane goes through flight maneuvers. The computer has 
three assemblies, a position-sensitive tracing board, an 
analog computer and a graphic recorder. Oscillograph 
data is fed into the machine by following the outline of 
each trace on the roll with a special tracing head. 

Instantly processing the input of raw data, the com- 
puter automatically plots a complete time history of each 
function analyzed on a chart drawn to the time and trace- 
amplitude scales most favorable for clear presentation. 
The time scale can be expanded or contracted, or tracings 
widely separated on the oscillogram may be placed next 
to each other on the plotted chart. 

The oscillograph computer has been licensed to Century 
Geophysical Corp.. Tulsa 10, Oklahoma. The complete 
data-reduction system is being considered for licensing. 
Write to Mr. A. L. Schoeni, Chance Vought Aircraft, Inc., 
P. O. Box 5907, Dallas, Texas. 


Columbia University Research 
NEW YORK, N. Y.—In the 1955 Annual report “Co- 


lumbia Research News in Engineering and Science.” a 
report is given on the development of “Maser.” or “Mi- 
crowave Amplification by Stimulated Emission of Radia- 
tion.” This is a device using the molecular motion of 
ammonia molecules in an electrostatic field for either 
oscillation {as in an “ammonia clock”) or microwave 
amplifier with noise level of practically zero db. Possible 
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applications of Maser include frequency standard, high- 
resolution spectroscope, or preamplifier of sensitivity 
greater than existing electronic ones 

Another important development reported is that of a 
hot-wire thermal-conductivity cell that eliminates radia- 
tion-error completely by adding a small 60-cycle a-c cur- 
rent to the basic d-c current heating the wire. Gas around 
the wire causes a phase lag in the a-c heating cycle, pro- 
ducing minute 2nd and 3rd harmonics of the fundamental 
ac. The lag of harmonic behind fundamental, which indi- 
cates the thermal conductivity of the gas, is shown to be 
unaffected by radiation. 


Karth’s-field Magnetometer 
PASADENA, CALIF.—Exclusive world-wide rights 


for the Varian earth’s-field Magnetometer have been 

granted to Hycon Aerial Surveys, Pasadena 8, Calif. 
The Varian Magnetometer operates on the principle of 

nuclear magnetic resonance. It uses hydrogen nuclei to 


é) 









record minute changes of the earth’s magnetic field, which 
in turn can indicate the presence of minerals or petroleum 
deposits. The magnetometer is simple to build and main- 
tain and it does not require gyroscopic stabilization (for 
absolute readings of total field). The “bird” is little more 
than a jar of water with a coil wrapped around it. 


Semiconduction in Liquids 
PITTSBURGH, PA.—A liquid has been found that be- 


haves electrically like a solid semiconductor. 

An example of semiconductor in a solid is the transistor. 
The transistor, made of solids like germanium or silicon, 
conducts electronically, (rather than ionically, as in a 
battery) and the amount of conductance increases with 
temperature. 

This same phenomenon of semiconduction has been 
found in liquids—molten metallic sulfides—at Carnegie 
Institute of Technology Metals Research Laboratory, by 
Drs. G. M. Pound and Gerhard Derge. 

In ordinary salts such as sodium chloride, either molten 
or in a water solution, electrical current is carried by ions, 
as in a battery. Exploring less familiar liquids such as 
those used in metallurgical processes, the Carnegie Tech 
professors discovered that molten liquid sulphides, unlike 
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PRECISION 
STANDARD 


Type FA-187 








Measures Absolute 
or 
Differential Pressure 


Used interchangeably as a Barometer or Differential 
Pressure Manometer. 


Range: 0 to 800 mm of Hg. 
0 to 31.5 in Hg. or in any other desired pres- 
sure unit of equivalent range. 


The magnetic vernier reads to 0.01 mm or 0.005 in. of 
mercury with an accuracy of 1 part in 5000 over the 
full range. 


For additional information, 
write for Publication Number TP-32-A. 





WALLACE & TIERNAN 


INCORPORATED 
PRECISION INSTRUMENTS AND ELECTRICAL MECHANISMS 
a0: Me tN ST BELLEVILLE E::@ N 
In Canada: Wallace & Tiernan, Ltd., Toronto 


For more information circle 18 on inquiry card. 
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THERMOSTATIC 


DELAY RELAYS 


Provide delays ranging 
from 2 to 150 seconds. 


MOST COMPACT 
MOST ECONOMICAL 
HERMETICALLY SEALED 


@ Actuated by a heater, they 
operate on A.C., D.C., or 
Pulsating Current. 

@ Hermetically sealed. Not 
affected by altitude, mois- 
ture, or other climate 


changes. @ Circuits: SPST 


only—normally open or normally closed. 


Amperite Thermostatic Delay Relays are compen- 
sated for ambient temperature changes from 
—55° to +70°C. Heaters consume ap- 
proximately 2 W. and may be operated 
continuously. The units are most com- 
pact, rugged, explosion-proot, long- 
lived, and — very inexpensive! 
TYPES: Standard Radio Octal, 
9-Pin Miniature. 

PROBLEM? Send for Bulletin No. TR-81 
Also — a new line of Amperite Differential 
Relays — may be used for automatic over- 
load, over-voltage, under-voltage or under- 
current protection. 


Roe 





STANDARD 


and 











MINIATURE 


BALLAST 
REGULATORS 


e Amperite Regulators are de- 
signed to keep the current in 

ry a Circuit automatically regulated 
at a definite value (for ex- 
ample, 0.5 amp.). 

@ For currents of 60 ma. to 5 
amps. Operates on A.C., D.C., 
or Pulsating Current. 

e Hermetically sealed, light, 
compact; most inexpensive. 


Amperite Regulators are the 
simplest, most effective method 
for obtaining automatic regulation 
of current or voltage. Hermetically 
sealed; not affected by changes 
in altitude, ambient temperature 
(--55° to +90°C), or humidity. 
Rugged; no moving parts; 
changed as easily as a radio tube. 











AMPERITE 
REGULATOR 
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VOLTAGE OF 24V ' WITH AMPERITE 
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aqueous solutions or molten ionic salts, behaved like semi- 
conductors. Instead of conducting electricity by the trans- 
port of charged atoms (ionically), it conducted electricity 
by the flow of electrons, as in an ordinary wire. But un- 
like ordinary metals, the conductance increased with 
temperature. 

Existing theories on the nature of semiconductance can- 
not account for the new discovery since they apply ex- 
clusively to solids such as the transistor, and not to 
liquids where the atoms are in a state of disorder. This 
discovery may provide a new tool for probing the mys- 
teries of liquid structure. 


World’s Longest Quartz 
Delay Line 


WEST HARTFORD, CONN.—Andersen Laboratories. 
Inc., West Hartford, was recently called upon to develop 
and manufacture a 4100-microsecond solid untrasonic de- 








lay line, the longest solid line ever made (for moving- 
target-indicator radar application). Producing a delay 
time equivalent to well over 300 nautical miles of radar 
range, the line is made of fused quartz. Carrier frequency 
is 8 megacycles; Bandwidth (3 db), exceeds 2 megacycles. 
Andersen reports that operation of solid ultrasonic delay 
lines of this length at higher carrier frequencies and 
greater bandwidths is possible. 


Cathode-emission Tracer 
WASHINGTON, D. C.—A cathode emission tracer de- 


A. Marzetta of the National Bureau of Stand- 












veloped by L. 








BATTERY & CHARGER ! 

















VOLTAGE VARIES +2 Max MAX . . . . 
VARIES APPROX. , ONLY aaa. | ards provides a rapid, convenient method for measuring 
1 . . . 
50% ' 2% 3; and evaluating the performance of thermionic cathodes. 
' : ° > ‘ 
T6$L te “——** The new instrument automatically produces a calibrated 








plot of the emission characteristics of the cathode of a 
diode on the screen of a cathode-ray oscilloscope. A “2/3- 
power network” is incorporated into the system and may be 
used at the option of the operator for linearizing the plot. 
Negligible heat is contributed to the diode under test since 
the tube is subjected to only a 10- or 100-microsecond 
| pulse at rates of either 5 or 30 cps. Provision is made for 


Toronto 2B | 
| instantaneous plate currents as high as 10 amperes or for 


Write for 4-page Technical Bulletin No. AB-51 


MPERITE CO., Inc. 





561 Broadway, New York 12, N. Y. 


in Canada: Atlas Radio Corp., Itd., 560 King St, W 
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You have this.......... Instead of this 


The credit for the many wonderful products of our 


e. ®@ “American Way of Life’? must be divided. The Inventor, the 
£ [ CI " Investor, the Businessman, the Worker—all rightfully 
share that credit. BUT . . . it is Advertising that tells the 


story of the product; it is Advertising that whets public 
appetite for the product; and it is Advertising that helps 


* 
Benefit sell the product. AND . . . the more product-demand that 
Advertising builds, the more products must be manufactured. 
That means Mass-Production which, in turn, means better 
products at lower prices. In short, a still higher American 


o " living standard. SO. . . everyone benefits. Industry, 

Vi (9) wv Business, Labor, Agriculture. But, most important of all, 
you the citizen. 
And all with the help of Advertising! 


ADVERTISING FEDERATION OF AMERICA and ADVERTISING ASSOCIATION OF THE WEST © (Prepared by the Cleveland Advertising Club) 
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PEERLESS 


RESTORER 


DETECTS and CORRECTS 


THERMOCOUPLE CIRCUIT FRNA rc’ ) 
FAILURE instantly . Pe | | J 





plate voltages up to 5000 volts, although these limiting 
values are not available simultaneously. 

Past methods of obtaining emission data have usually 
been based on two alternative procedures. In one system, a 
continuous current is applied to the test diode at selected 
amplitudes. This system has the disadvantage of requiring 
a water-cooled anode because of the large steady-state 
power dissipation. In the second method, current is applied 
intermittently in short rectangular pulses. Unless operated 
at a low duty cycle, however, the rectangular pulse system 
contributes heating to the diode which interferes with 
planned aging of the tube. The new NBS instrument over- 
comes these defects. 

The instrument also provides a round-dot calibrate 
marker whose position can be manually controlled. Another 
convenient feature of the NBS cathode-emission tracer is a 
special network capable of linearizing a tube characteris- 
tic in which the plate current varies as the three-halves 
power of the plate voltage. The special network uses a 
series of germanium diodes, each biased to a different 
voltage level. As the instantaneous input voltage increases, 
successively more diodes become conductive. The lineariz- 
ing action is achieved through the resulting variation in 


Gives you impedance. 


PUSH BUTTON MAINTENANCE Pump Test Stand 


HILLSIDE, N. J.—This test stand checks ten Vanton 
“Flex-I-Liner” pumps simultaneously at the Vanton Pump 
& Equipment Corp., Hillside, N. J. The stand provides for . 
testing of essentially custom-built pumps and gives indi- 
vidual performance reports to the user. The pump design 
is such that appropriate body block and flexible liner is 










































@ Cut maintenance and replacement cost of thermo- 
couples in your heat-treating and melting furnaces. 
Repair circuit faults DURING critical heats from your 
instrument control board. 

The Peerless Restorer renews loose, oily or dirty 
thermocouple circuit connections and re-fuses broken 
thermocouple tips, faults common to even modern elec- 
tronic pyrometers. This insures true pyrometer reading 
and closer heat control. Automatic Restorer models 
repeatedly check your furnace couples to prevent 
ruined heats and re-heat treating. 

One Restorer checks many thermocouples on many of 
your furnaces. 















Send for Catalog R-22. 






~*~ ELECTRONICS DIVISION 


THE PEERLESS ELECTRIC COMPANY 
FANS + BLOWERS - MOTORS ~ ELECTRONIC EQUIPMENT 
W. MARKET ST. + WARREN, OHIO 
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USG’S RESOURCES 
HELP DESIGN ENGINEERS 
MATCH SPECIFICATIONS 











Performance and price are two factors 
every design engineer must consider 






carefully when specifying gauges. 






Most engineers know of USG’s 





record of leadership in gauge design 
and precision engineering—for over 50 







years USG has been designing and 
producing gauges for more Original 
Equipment Manufacturers than any 
other instrument company in the world. 













Many engineers don’t know, 
however, that USG maintains the 






world’s largest stock of gauge compo- 
nents to meet practically any pressure 
sensing device or pressure actuator 








application. These components are 
stocked by USG specifically to eliminate 
expensive special production. 











In addition to the components for 
special gauge designs, USG inventories 
over 200,000 standard gauges in a 
variety of types, sizes and ranges for 







practically every industry application. 
Many stock gauges carried by USG 


* “STOCK” sxpensive special production items 
is there a SET stbctukucees siaddieaen. ° 


to your USG provides highest quality gauges 


at competitive prices because its 


“SPECIAL” bl oa. mae 
gauge problems? ‘ite: conomeaty ineeat 


production. Gauge for gauge—in every 







There may very well be, because USG manufactures and application and classification—in every 
stocks more than 200,000 standard gauges and a complete price class—USG has more to offer 
line of gauge components to meet practically every pressure than any other make! 






sensing and indicating requirement. 






Chances are that, with slight modification, a stock gauge 
will fulfill your very needs . . . eliminating the expense of 
. special gauge design, engineering and production. USG’s 
special background, experience and resources are ready to 
assist you with all problems relating to gauges or other 
pressure actuated devices. 











A call to your nearest USG District Office, or, a letter 
to us at Sellersville is all that you need to determine whether 
we can supply a “standard” from stock . . . or, whether your 
application requires a “‘special”’ 










Laboratory. Here constant testing of 


TES, GAU GE Gauge Heal wadlguaileds Above, a portion of USG’s Research 









for over 50 years materials under customer operating 
conditions assures optimum efficiency 
United States Gauge, Division of American Machine and Metals, Inc., Sellersville, Penna. and long gauge life. 
For more information circle 22 on inquiry card. 
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Motor and fan, 26 CFM, 
11,000 RPM, wt. 61% 072. 


a“ ve 

a A Guided missiJe tracking 

Zerol fine pitch oa A equipmenté@ifferential 
be#el gears , . 


1/100 4@ miniature 


i i YY motor, 1@000-13,000 
Fine piteh straight : a t 
bevel @mster 1 RPM, a 4 02. 


(Fe, 
Blowér, 22 CFM, 
10,500 REM, wt. 10 oz. 


Special computer fine 
pitch bewel gear set 


eee YOUr best source for ) HIGH PRECISION GEARS and precision fine pitch gearing 
: sen ff available from 200 to 6 diametral pitch and dimensions from 
high precision gears, # .125” to 10” in diameter for electronic application. 
miniature motors . MINIATURE MOTORS, more than 50 basic types available 
: ‘ Ss : including axial and centrifugal blower designs to cover any 
plus complete engineering \ ; type of equipment adaptation. Designs range from 
service to insure .001 to 2 HP and from 50 to 1,000 cycles in frequency, 
correct application =, any desired voltage. 
Feel free to call on Western Gear’s 67 years experience 
in the manufacture of gears and special machinery. 
Write for further information or detail your requirements 
so that we may submit quotation. Address Executive Offices, 
Western Gear, P.O. Box 182, Lynwood, California. 


“The difference is reliability” * Since 1888 


WESTERN GEAR 


f POWER TRANSMISSION 
PLANTS AT LYNWOOD, PASADENA, BELMONT SAN FRANCISCO (CALIF.), PACIFIC-WESTERN PRODUCTS | GEARS + MACHINERY ¢ 


SEATTLE AND HOUSTON REPRESENTATIVES IN PRINCIPAL CITIES 
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selected for each application, and each pump is individ- 
ually assembled. 

The test stand provides for controlled flow from 0.2 to 
150 gpm, with precision flow measurement. Accessories 
duplicate any flow condition that can be met in service. 


Historic Instruments 


Logan Lewis, Vice President of the Carrier Corp. (and 
Past Pres. A.S.R.E.) shows—especially for /nstruments 


and Automation—early air-conditioning control systems 
designed by the late Willis H. Carrier more than 30 years 
ago, before the Carrier Corp. decided to buy from in- 
strument companies. 


Peltier-effect Refrigeration 
NEW YORK, N. Y.—RCA Laboratories reports that 


the Peltier effect, known since 1834, has been used suc- 
cessfully (but not yet economically) as a basic cooling or 
refrigerating technique. The well-known Peltier effect 
refers to the heating or cooling effect that occurs at the 
junction of two dissimilar metals when a current is passed 
through the junction. The direction of current determines 
whether the junction is heated or cooled. 

The “electronic refrigerator” uses several hundred 
junctions of alloys of copper and zinc, and a current of 
about 25 amperes at 15 or 20 volts. A trickle of tap 
water is used to remove evolved heat. 


Sectionized Automation 
DETROIT, MICH.—To minimize prodution losses dur- 


ing periods of downtime, The Cross Company, Detroit, 
Michigan, has announced the development of “Sectionized 
Automation”. This new advancement is based on the di- 














SLB 





OSCILLOGRAPH 


Why is versatility important in an oscillograph... 
primarily because it reduces instrument investment. 


The Hathaway New S14-E is designed to be 
versatile. Investment in additional equipment is 
rarely needed—because the S14-E can be readily 
adapted for many different kinds of recording. 
The S14-E is a high quality, general-purpose oscil- 
lograph available with an unusually wide assort- 
ment of standard accessories and galvanometers. 

The versatility and low price of the Hathaway 
S14 have established it, over the years, as a 
“standard” oscillograph in large laboratories, a 
““first’’ oscillograph in small laboratories. 


Write for Bulletin 2-Dl-H 











SPECIFICATIONS 


Size: 24 x 13 x 14 inches 
Weight: 60 pounds 

Channels: To 24 

Chart Size: 6 inches x 100 or 
200 feet; 6 inches x 15 inches 
Chart Speed: |! /10 to 600 
inches per second 


Chart Speed Change: Standard 
quick-change transmission (as 
illustrated), or NEW continu- 
ously-variable transmission 


Galvanometers: Sensitivities to 
30,000 mm per ma. per meter; 


frequencies to 10,000 cps; sin- 
gle and multi-phase watt gal- 
vanometers 

Power: 115 volts, 50-60 cycles; 
12 or 24 volt d-c models avail- 
able on special order 

Case: Walnut or NEW light 
aluminum; NEW top panel 
provides greater visibility 
Optical System: Individually 
controlled galvanometer trace 
width 


Price: $1185 f.0.b. Denver 


AVAILABLE ACCESSORIES 


Synchronous time line mark- 
ers, giving 10, 1, 1/10, and 
1 /100 second time lines (tenth 
lines heavier) 


Scanning-type viewing device 


Automatic recording attach- 
ments 

High-speed shutter and drum 
for fast recording 

Record numbering device 





BS a foe? CR OO S. 





HATHAWAY INSTRUMENT COMPANY 


DIVISION OF HAMILTON WATCH COMPANY 
1315 South Clarkson Street « Denver 10, Colorado 
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recorders 


to four tem- 
rectangular 


in 


recordings 





when it comes to accuracy 


Single and Multiple Pen, Remote Re- 
cording Thermometers. Available for 
one and two temperature recordings 


in round cases and wu 


perature 


PORTABLE RECORDING 
THERMOMETER No. 6025 
— for carrying from one 
location to another. Convenient 
ranges up to 180° F. Available 
= 12, 24 hour or 7 day chart 

rive. 


TEMPERATURE RECORDING TYPE 





mometers with separable socket. Can 


Adjustable Form Dial Indicating Ther- 
be quickly adjusted to any angle. 


TEMPERATURE INDICATING TYPE 


with 


Mercury actuated 
separable socket. Panel or flush 


mounting. 
SINCE 1867 
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eters, 


~ MOELLER INSTRUMENT COMPANY 


132ND STREET & 89TH AVENUE, RICHMOND HILL 18, N. Y. 


Gentlemen: Without obligation, please send me Catalog No. 
on Moeller Dials and Recorders. 


NAME . Seen 

FIRM . REWROTE tea 

ADDRESS a ’ 
CITY... es ee STATE 


aere fy 


Representatives 
Principal 





n 


INSTRUMENT COMPANY, 132nd St. and 89th Ave., RICHMOND HILL 18, N. Y. 





150 
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vision of a machine into sections to permit shutting down 
some of the operations without interrupting the produc- 
tion of others. 

__Sectionized Automation is being introduced on a new 
“Transfer-matic” which is 350 feet long and performs 555 
operations on V-8 cylinder blocks. It does all of the drilling, 
chamfering, tapping, camshaft boring and miscellaneous 
milling on these parts at the rate of 100 pieces per hour. 
More than 100 pieces are in process simultaneously. The 
only direct labor is the operator at Station 1 who positions 
the parts and initiates the cycle by push-button. From 
there on, the blocks are transferred, positioned. machined 
and inspected automatically in 104. stations. 





Universal Tester 
CLEVELAND, OHIO.—Central feature of the new $1.- 
000,000 Technical Center of National Malleable and Steel 
Castings Company, Cleveland, Ohio, is a new Baldwin- 
Lima-Hamilton Corporation testing machine of 1,000,000- 





lb. capacity with the largest clearance between columns 
ever built in a machine of this capacity. Its 10-ft. clear- 
ance between columns, maximum vertical opening of 19 
ft., and 60-ft. base structure indicate the possible size of 
structures that can be subjected to test loads. 

The new machine is used to conduct design tests of rail- 
road car truck side frames and bolsters, design tests of 
couplers, yokes, draft gears, journal boxes, as well as any 
other parts or devices made by the company. In the illus- 
tration a dynamometer coupler is calibrated in compres- 
sion. 


Ship Bearing 
Monitor 
WASHINGTON, D. C. 


—The Bureau of Ships, 
Navy Department, uses 
this Bogue Continuous 
Bearing Temperature 
Monitor system. This sys- 
tem enables the operator 
to maintain a continous 
and automatic watch on 
bearing temperatures 
throughout the ship in 
which it is installed. 
Shown is the Scanner 
Unit. The equipment is 
made by Bogue Electric 
Mfg. Co., Paterson, N. J. 





























or other applications where 1 
volt/cm sensitivity is usable. com- 
plete eight-channel system shown 
comprises four Model 150-2000 
Dual Channel DC Amplifiers and an 
eight-channel Recorder Assembly. 
Each Dual-Channel Amplifier is 
- complete with common power supply. 
(The six-channel version is identical, 
except for two less galvanometers 
_ and one less Dual- Channel Amplifier.) 
_ Also four channel models. 





Write for catalog material on any 


Sanborn "150" Recording System 


For more information 
























CHANNEL 150” series 





OSCILLOGRAPHIC RECORDING SYSTEMS 


addition to 


hese new additions to the “150 family’’ follow 
the original “150” design concept which permits 
rapid change-over from one set of recording require- 
ments to another by means of interchangeable, 





plug-in type preamplifiers. 

The Model 158-5460 eight-channel system (upper 
left photo) consists of an eight channel recorder 
assembly and eight Driver Amplifier-Power Supply 
units. To this basic assembly the user adds any 
combination of Sanborn “150” plug-in preamplifiers 
to meet his requirements. Each channel provides a 
4 cm deflection. 

The six-channel system (156-5460) has the same 
basic assembly, except for two less galvanometers 
and one less Driver Amplifier-Power Supply unit 
in each cabinet. Each channel provides a 5 cm 
deflection. 

Both systems offer: nine chart speeds (0.25 to 
100 mm/sec.); erlended frequency response; im- 
proved regulated power supplies; individual stylus 
temperature control for each channel; improved 


Channel control of input signals by 1, 2, 5, 10, 20, ete 
attenuator ratios; controls for timing, manual and 


Models remote coding. 


SANBORN “@” COMPANY 
CAMBRIDGE 39, MASS. 
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For Instrumentation, Low Pressure Air Circuits, Laboratory 
Work, Coolant Lines and many other applications. 






Fittings Need Only Be Finger Tightened . . . 
Tubing Bends by Hand 


NOW. . . Make Tubing Installations 
at a FRACTION of Time and Cost 
the IMPERIAL 32C-l Way 


IMPERIAL POLY-FLO TUBE FITTINGS, used with polyethylene tubing or other 


Need Tube Fittings ? 


See Your 
IMPERIAL DISTRIBUTOR 


He Carries Industry's 





Most Complete Line of 
Tube Fittings and Tub- 
ing Tools 
1 He has big local 
stocks for - quick 
delivery 
2 Helps you pick 
the right fitting 
and right tool 


for every job 


IMPERIAL 





plastic tubing, offer tremendous savings in time and labor through ease of assembly 
and installation. 

INSTALLATION IS AS EASY AS THIS! ....Simply cut tubing to desired 
length with knife or scissors. Bend tubing, which is very flexible, by hand to 
fit installation. Slip tubing and reversible sleeve over tube support. Nut need 

only be finger tightened. A wrench is never necessary. 

IDEAL FOR MANY APPLICATIONS ... . instrumentation, laboratory 
equipment, chemical plants, food and beverage plants are but a few of the 
many uses. Tubing is very tough and impervious to most chemicals. 
FITTINGS AND TUBING furnished in 14", 5%” and %” O.D. sizes. 

Tubing supplied in 4 colors—color coding quickly identifies circuits. 
Recommended for working pressures to 125 psi.—'4” O.D.; 100 psi.— 
¥%” O.D. Temperatures from —90° F. to +175° F. 
ACCESSORIES include tube racks for mounting of tubing; quick-discon- 
nect and other shut-off valves; and convenient make-up kit of tubing 
and fittings. 


THE IMPERIAL BRASS MFG. CO. 1204 W. Harrison St., Chicago 7, Ill. 
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Industiys Most Complete Line of 
Tube Fittings and Tubing Toots 





























Where timing is important 
youll find Telechron motors 


Telechron motors are built for dependable, 
accurate timing! 


In rubber manufacturing plants, for ex- 
ample, Telechron motors control the care- 
fully calculated opening and closing of the 
mechanical goods press. Telechron motors 
also power the timers which control the 
mechanics of the curing cycle. 


Telechron timing motors are equally essen- 
tial to such widely varied industry as steel, 
milk, plastics (and a host of others, too). 
They are the choice of the instrument in- 
dustry. Selected from experience as the 
most dependable made. 


Write, wire or phone for our complete cata- 
log and detailed information on our Appli- 
cation Engineering Service. Telechron 
Motors, General Electric Company, 64 
Homer Avenue, Ashland, Mass. 


Cfelechwn 


MARK OF TIMING LEADERSHIP 
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SATISFACTION MULTIPLI 
3x8x8x38x2x5 




















Service Conditions primarily determine the Bourdon Tubes of 8 different types of metals 
pressure gauge you specify for your installation. to meet specific service requirements. 
The wrong gauge can cost time, trouble, and Pressure Ranges from 30” vacuum or a few 
enoney- ounces through 100,000 psi. 
That’s the big reason why Ashcroft Duragauges Rotary Geared Movements that include the 
make sure of your complete satisfaction by offer- famous “Nylon Movement” or all stainless 
ing a multiple choice in case designs and mate- steel. 
rials, Bourdon tube materials, ranges, movements, Dial Sizes from 414” through 12”. 
and dial sizes. Briefly, you can select the right 
gauge for your requirements from: Most important, Ashcroft Duragauges provide 
that unbeatable combination of highest sustained 
Cases of 3 different materials in 8 service- accuracy and durability of any pressure gauge 
proved designs. built. 
Fee tS eee | TAKE ADVANTAGE of the counsel of your nearby Industrial Supply Distributor. 


You can count on him to help you select Ashcroft Duragauges that will serve better 
and longer, with minimum maintenance, no matter how severe the conditions 
of vibration, pulsation, corrosion and weather. 


In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


HeROFT cAWGES 


A product of MANNING, MAXWELL & MOORE, INC. stRATFORD, CONNECTICUT 


MAKERS OF ‘AMERICAN’ INDUSTRIAL INSTRUMENTS, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN-MICROSEN’ 
INDUSTRIAL ELECTRONIC INSTRUMENTS, Stratford, Conn. ‘HANCOCK’ VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY 
RELIEF VALVES, Tulsa, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Danbury & Stratford, Conn. and Inglewood, Calif. 
“SHAW-BOX” AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, 
Muskegon, Mich. 
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Economical snap-on 
turrets permit changing 
rotation rates at will 
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is the word for... 


ROCKWELL 
CHART DRIVES 


with 
Speed Changing Turrets 

















Fit Practically All Instruments...One Drive—Eleven Rotation Speeds 


THE IDEAL REPLACEMENT DRIVE In designing the 
Rockwell Chart Drive, dimensions were de- 
liberately established so that the drive can 
be adapted to fit practically all instruments. 
This is done by means of adaptors which are 
furnished for any standard make instrument. 
The adaptors correctly locate the drive both 
as to position and height. 


Chart rotation rates present no problem either. 
Speed changing turrets lock into place on the 
chart arbor to provide the desired rotation 
cycle. 


Such versatility in application makes the 
Rockwell the most economical chart drive you 
can use. Standardize on them for all your in- 
struments. You’ll save on inventory, in service 
and on reduced maintenance expense. 


Write for bulletin 1079 


YOU CAN RELY ON ROCKWELL 


ROCKWELL MANUFACTURING COMPANY 
Instrument Division © Box 2396, Tulsa, Okla. 

Atlanta Boston Charlotte Chicago Dallas Houston Los Angeles 

Midland, Texas N. Kansas City, Mo. New York Philadelphia 

Pittsburgh San Francisco Seattle Shreveport, La. Tulsa 


Here’s How You Change 
Chart Rotation Without 
Removing Chart Drive 
From Instrument 


No tools or special skills are needed to con- 
vert from one chart rotation speed to another. 
Just slip a turret of the rate desired onto the 
chart arbor and give it a quarter turn to 
lock in place. This exclusive feature elimi- 
nates the need for stocking assorted chart 
drives to meet varying requirements. 





S$ 


12-HOUR 


S 


48-HOUR 





S 


3-HOUR ROCKWELL 72-HOUR 
CHART DRIVE 
WITH 24-HOUR HUB 
2-HOUR 7-DAY 
8-DAY 











Rockwell Chart Drive and Turrets 
For Eleven Rotation Speeds 
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For battery-powered instruments that operate inter- Here are other advantages that may suggest ways 
mittently ... or for applications involving long periods — you can use Mallory Mercury Batteries to advantage 
of idleness, the long shelf life of Mallory Mercury 


mT : Ms Hich ratio of energy to volume and weight 
Batteries is an important characteristic. S 6. . 


Leak-proof, dimensionally stable construction 


Mallory Batteries do not deteriorate or lose an appre- Uniform discharge characteristics 

ciable — of power during long storage periods, No need for recuperation periods 

> Ff 6) > > Ss « ip se * =] . . 

even under the most adverse conditions of humidity Operation over wide temperature and pressure 


and temperature extremes. The curve shown is typical ranges 
: ges 
of the performance you can expect when Mercury 


: : Resistance to humidity and corrosive conditions 
Batteries are used for instrument power supply. : 


Highly resistant to impact and acceleration 


For continuous or intermittent operation at microam- 
pere drains or loads of 50 amperes, Mallory Mercury 
Batteries have many important advantages that will For Transistor Applications 
help you design lighter, more compact equipment. . . 
equipment that will give more hours of service life. 





The constant voltage-constant current 
characteristics of Mallory Mercury Bat- 
Let us send you a copy of our new Technical Bulletin teries make them exceptionally well suited 
1-6. It contains complete information on single cells to transistor applications. 

and multi-cell stacks and packs. 



















r 


SERVING INDUSTRY WITH THESE PRODUCTS: 
Electromechanical — Resistors * Switches * Television Tuners ¢ Vibrators 
Electrochemical—Capacitors * Rectifiers * Mercury Batteries 
Metallurgical—Contacts ¢ Special Metals and Ceramics * Welding Materials 


MALLORY & CO. Inc. 


TLOR 


ie 






















& 4.0... eS: INDIANAPOLIS 6, INDIANA 
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MICHIGAN CITY 8, INDIANA 


RATION 


Automatic Combustion Control * Veriflow Meters and 
Veritrol * Electronic Oxygen Recorders * CO: Recorders 
Boiler Panels * Gas Analyzers * Combustion Test Sets 
Draft Gages * Electronic Flowmeters * Miniature 
Remote Indicators * Electronic Feed Water Controls 


VAN 





IN FLOW METERING 


THE HAYS ELECTRONIC FLOW METER 


These features of the Hays Electronic Flow Meter 









































AMPLIFIER 








Here is a new Flow Meter—that is really new! 


speak for themselves. 


Mercuryless—costly mercury maintenance headaches 
elixainated—no mercury to lose. 


Rupture-proof Bellows—provide positive 
protection against over-range. 


Continuous integration—motor-driven continuous 
mechanical integrator is extremely accurate 
even on rapid load changes. 


Electronic operation—requires only 4 seconds 
for full scale pen travel with accuracy 
of 4% of full scale differential. 


Other features include null-balance transmission, 
powerful motor, easy readability, accuracy 
unaffected by normal temperature changes. 
Explosion proof transmitters and wide range 
meters also available. 


For complete information, write for 
Bulletin 54-1074-222. 
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COMMON CHARACTERISTICS OF ALL TYPE 2131 GEARED MOTOR GENERATOR UNITS 


0.D. of Case............1.000 inch No. of Poles (Motor)............6 
Case Length............ 3.301 *No Load Speed (Min.)............ 6500 rpm 
Weight............ 7.5 ounces Rotor Inertia............ 1.1 gram-cm? 


Frequency 400 cycles 
*Motor Speed at input to gear train 





OUTSTANDING FEATURES A new line of units has been added to the Kollsman “Special Purpose 
OF TYPE 2131 Motors” family combining precision machining, advanced electrical design 
GEARED MOTOR GENERATOR and the latest in new materials. An unusual feature of the new line is the 
integral gear head unit. Contained within a single case is the gear train 
and motor; or gear train, motor and generator. Gear ratios as high as 300:1 
can be supplied. 
High torque to inertia ratio to give This new line consists of Induction Motors and Induction Generators 
fast response supplied separately or combined in a single case one-inch in diameter. 
The new motors have been designed to give the maximum torque per watt 
ratio with the minimum rotor inertia. The generators have been designed 
to give the maximum output voltage with the minimum residual voltage 
High impedance winding for direct and phase shift. 
plate to plate operation available One of the principal features of the Kollsman “Special Purpose Motors” 
; is the interchangeability of parts which permits numerous electrically dif- 
High generator output voltage with ferent combinations of motor and generator windings within the same case. 
excellent signal to noise ratio Fs 


@ New methods of manufacture result 
in high efficiency 


Available for 115 volt—115 volt two 
phase or single ended tube operation 


INPUT PER PHASE ONLY 1.8 WATTS 
ELECTRICAL CHARACTERISTICS 
All metal parts corrosion resistant OF TYPICAL TYPE 2131 GEARED MOTOR GENERATORS 


Extremely wide operating temperature MOTOR GENERATOR 


range OUTPUT 
EXCITATION INPUT Theoretical EXCI- PER 

TYPE NO. PER STALL acceleration TATION 1000 
FIXED CONTROL PHASE TORQUE ‘ptstall FIXED INPUT = rpm 


Zero degree phase shift in generator 











Other models 
of one inch O.D. units 2131-0411110 26 423 04 25600 26 1.8 51 


Latest catalog 
TYPE NO. DESCRIPTION and/or complete 


2103 Induction Motor specification | 21310-0413120 26 1.8 0.3 19200 26 2.2 68 
2101 Geared Induction Motor drawings will be 
2028 Motor Generator sent upon request. 


2131D-0412120 26 4.0 0.6 38500 26 2.2 68 


2131-0460600 115 4.0 0.6 38500 115 2.6 1.00 
2131-0463600 55 4.0 0.6 38500 115 2.6 1.00 


2131-0470600 P-P 4.0 0.6 38500 115 2.6 1.00 





volts volts - rad/sec? volts 

















ko | | S m q Nn INSTRUMENT CORPORATION 


80-22 45th AVE., ELMHURST, NEW YORK « GLENDALE, CALIFORNIA « SUBSIDIARY OF Standard COIL PRODUCTS CO. INC. 
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IS THE VALVE 
MANUFACTURER 
THAT LAPS THE 


SEATS OF 
DOUBLE PORTED 


VALVE BODIES 
AT: OPERATING 
TEMPERATURES 


2 
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Fisher valve being steam Inner valve being 
heated to specified oper- ‘ground in’’ while as- 
ating temperature. sembly is hot. 


FISHER 


PE OVERNOR COMPANY + MARSHALLTOWN, IOWA | Ow (6)" 


FADER IN RESEARCH FOR BETTER PRESSURE AND LIQUID LEVEL CONTROL 


ANNIVERSARY 
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Analog-to-digital converters 
Analytical control equipment 
Automatic control valves 
Automatic control systems 
Automatic feeding devices 
Automatic gaging equipment 
Automatic handling equipment 
Automatic inspection devices 
Automatic loaders 

Automatic machine controls 
Automatic tape controls 


Beta-ray thickness gages 
Brakes, clutches and 
drive mechanisms 


Central control systems 
Color process controls 
Communication systems including 
closed circuit television, 
telephone and paging systems 
Compressors for automation air 
Computers, log or digital 
Computer ponents 
Continuous gas analyzers 
Continuous testers 








THE FOLLOWING PRODUCTS 
Can be Displayed to Advantage 


Conveyors 
Counters 


Data processing and 
data reduction systems 
Data transmission and 
computing systems 
Decade counters 
Door operators, automatic 
Dust and atmosphere controls 


Electric motors 
Electronic computers 
Electronic control devices 
Electronic, electrical and 





Pp ts for 
automatic production systems 


Gages, air 
Governors 


Hydraulic cylinders and motors 


Indexing machines 


Industrial television, closed circuit 


Infrared absorption analyzers 


Instrumentation and automation 
panels and cubicles 

Instruments for measurement 
and control 


Level controllers 
Limit switches 


Mass spectrometers 
Metering equipment 
Monitoring systems 
Monorails 

Motor controls 


Optical gages and 
inspection devices 


Packaged servo controls 
Photoelectric control devices 
Pneumatic tubes 

Positioning equipment 

Power supplies 

Printed code readers 


Radioactivity equipment 
Recording equipment 


Remote control systems 


Scales 

Scanning systems 

Servo-components 

Servomechanisms 

Signalling equipment 

Speed controls 

Strain measuring devices for 
automatic control 

Switches, relays and other 
electrical components 


Teleprinters and facsimile 
recorders 

Two-way radio 

Ultraviolet absorption analyzers 

Vibration control equipment 

Weighing and proportioning 
equipment 

Work positioning mechanisms 


X-ray and flouroscopic devices 
X-ray gages 


For more information to help in planning your exhibit write to: The Second 


bsiecstiry ar 


For more information circle 35 on 
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the second 
international 


AUTOMATION 





exposition 


chicago, nov. 14-1 





International Automation Exposition, 845 Ridge Avenue, Pittsburgh 12, Pennsylvania 


For more information circle 35 on inquiry card. 
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nsirument Air Compressors 
‘only clean air, free from 


DISCHARGE 
PORT 





J | 
th * HARGE 


DISCHARGE 
PORT 





No oil filters. 
No dust filters. 


No internal lubrication to 
contaminate air handled. 


No internal wearing parts. 

No valves, pistons, or vanes. 
Non-pulsating pressure. 
Original performance constant 


You can dispense with oil filters and dust filters when 
you install ®Nash® Clean Air Compressors. You can save 
the cost of maintaining these devices. You can greatly 
reduce instrument maintenance costs. For the Nash em- 
ploys no internal lubrication, therefore no troublesome 
oil is in the delivered air. Moreover, air from a Nash 
is thoroughly washed and cooled as it passes thru the 
pump. Dust in the plant atmosphere, even fly ash, is im- 
mediately removed. 

®Nash® Clean Air Compressors are simple, with only 
one moving element. No valves, gears, pistons, sliding over a long pump life. 
vanes, or other enemies of long life and constant perform- p 
ance complicate a Nash. No aftercoolers are needed. You Low maintenance cost. S 
will find it profitable to investiqate these pumps, now. ErHNNOMNVHVUULUUUUUUUUNUNUNUIUNUONOUNUULULENOLUIUNUOGUGNUUELUUUULLUU 


NAS ENGINEERING COMPANY 
370 WILSON, SO. NORWALK, CONN. 
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AMP Taper Tab 
receptacles for wire 
sizes 26 to 18 


AMP Taper Pins 
for wire sizes 
26 to 16 


TAPER TAB RELAYS 


CONNECTOR BLOCK—2000 CONNECTIONS 


A-MP TAPER BLOK 


less cube and cost 


WITH ADDED RELIABILITY 


Cubic restrictions have brought about a 
whole new concept of wire termination. The AMP Taper 
Technique with AMP taper pins, tab re- 
ceptacles, blocks and modified miniature components will help 
you take full advantage of small wire, 


small insulation and small space for your wire terminations. 
AMP Trade-Mark Reg. U. S. Pat. Off. © AMP 


Send today for your copy of 


A bo of AMPs our brochure, AMP’s Creative 
Creative Avpwath lo- Betton Wiring Approach to Better Wiring. 


AIRCRAFT-MARINE PRODUCTS, INC., 2100 Paxton Street, Harrisburg, Pa. 

In Canada: AIRCRAFT-MARINE PRODUCTS OF,CANADA, LTD., 1764 Avenue Road, Toronto 12, Ontario, Canada 
For more information circle 36 on inquiry card. 
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are you fighting space? 


Are you looking for complete electrical circuit 

dependability ina very, very small space? 
one If so, you should use Cannon carefully engineered 
miniature and sub-miniature multi-contact connec- MINIATURE 
tors. In 42 or % the usual space, they give you up “i 
to 50 contacts, the same number as a standard con- ps 
nector, and still retain all the factors of utility, reli- SUB-MINIATURE 
ability, and mechanical. strength found in Cannon's a 
standard size connectors. They are very rugged, easy 
mating, unusually versatile, neat and compact. 


Miniatures— Maximum Dimensions Only 1” x 2”! 













SUB- MINIATURE 


PAU S35 


: Write for Cannon Miniature and Sub-Miniature Bulletins 
Please refer to Dept. 180 


CANNON ELECTRIC COMPANY, 3209 Humboldt Street, Los Angeles 31, California. 
Factories in Los Angeles, East Haven; Toronto, Canada; London, England. 


Representatives and distributors in all principal cities at your service. 
For more information circle 37 on inquiry card. 
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Computers 


Everyone is aware of the tremendous publicity that has 
been given the field of computers—but few are aware of 
the fact that most of this publicity has been superficial, 
out of perspective, and of little practical value either to 
computer users or customer prospects. Specifically, little 
has been published that has been either basic enough to 
teach the average industrial engineer anything about the 
principles and operation of computers, or practical 
enough to inform the computer owner about the specific 
problems of operating a computer. 

A primary source of excellent operational data has been 
available in The Simulation Council Newsletter, a month- 
ly report edited by John H. McLeod, Jr., and subscribed 
to by many owners and users of computers, as well as 
members of the several Simulation Councils. (So far the 
Western, Midwestern and Eastern. There is talk of oth- 
ers.) Mr. McLeod has done a remarkable feat in inter- 
preting the monthly meetings of the Simulation Councils, 
comprising men who make and operate computers, and 
who meet to discuss their operational problems. Needless 
to say the Council meetings are full of practical, meaty, 
fundamental data—which Mr. McLeod interprets with 
high technical skill and delightful literary style. 

We take great pride in announcing that Mr. McLeod, 
who is introduced to you on the next page, is joining our 
staff as Editor of The Simulation Council Newsletter, 
which will appear monthly as a special feature in /nstru- 
ments and Automation. 

The first issue of The Simulation Council Newsletter 
was issued in November, 1952. The value of this service 
is indicated by the fact that, despite an annual charge of 
$10 for the report, subscriptions rose from 35 to almost 
200, with readers throughout the U. S. and also in France, 
England, Germany and Canada. 


Ma. McLeod originated the Newsletter shortly after he 
organized the original Simulation Council in Southern 
California, consisting of governmental agencies, con- 
tractors, aircraft companies, and educational institutions 
engaged in use of simulation technique. (Mr. McLeod 
defines simulation as the use of analog computers, or 
electronic differential analyzers, and associated equip- 
ment to simulate the performance of complex systems.) 
The Newsletter now incorporates the minutes from all 
Simulation Council meetings, of which there are three— 
Western, Midwestern, and Eastern. It also reports the 
meetings of the Industrial Analysis and Control Council, 
and those meetings of the Association for Computing 
Machinery and other organizations in the field which the 
McLeods are able to cover. The valuable news from these 
organizations—all on the frontiers of computing—will 
thus be available to a wide audience of industrial and 
scientific complexion when incorporated in I & A, This 


Juiry card. 
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has deep significance for all industry because the true 
potential of computers is revealed dramatically in the 
discussions of those who own and operate them. 

This coverage will do much to solve the second of the 
situations referred to previously—the lack of basic opera- 
tional data about specific problems. 


Tue first of the situations—lack of fundamental educa- 
tional data—is being attacked by bringing you a complete 
series of articles based on the First Computer Clinic held 
in conjunction with the First International Automation 
Exposition in 1954, 

You may be interested in the background of this 
I & A series of articles, which we believe to be the most 
powerful material ever assembled in this field. Your 
editor was director of this Clinic. We submitted tentative 
outlines to each of the computer manufacturers, and told 
them that they would lecture for two hours to about 209 
men (in classes of 20 to 30), of widely different back- 
grounds—some would be “computer men,” others “in- 
strument men,” still others would be bankers and finan- 
ciers. 

The computer principals were skeptical; some said it 
couldn’t be done. Your editor told them that if, in two 
hours, they couldn’t get across how their equipment 
operates and what it would do, then their future was not 
nearly as rosy as many have been prophesying. Points 
of emphasis were given to each computer lecturer, in 
order to avoid excessive duplication. The computer man- 
ufacturers went to work—and did the job. The results are 
more than gratifying; they are of startling value. This is 
what was needed—and here it is, beginning in this issue. 

We wish also to direct your attention to the difference 
between this I & A approach to the field of computers in 
industry and the “conventional” approach. The latter 
either talks about mythical computer-controlled manless 
factories (figments of immature minds, which have done 
harm to the field) or about design data such as “how to 
reduce pot loading errors.” As you will find from the 
I & A series on computers, when operating a computer 
you eliminate these pot loading errors simply by setting 
the attenuators while watching a precision voltmeter. That 
is all; the computer user does not need to worry about 
designing a computer. This is typical of the practical 
material in this important series on computers. 


To prepare for this complete and unique coverage of 
the field of computers, we have been feeding you bits of 
“Trend” data, month by month. We repeat them here: 


“Analog computers will find extensive application in 
industrial operations when industrial engineers learn 
the new techniques for simulating process operations. 
Techniques do not require advanced mathematics 
(April, 1954, page 523) 


“Watch for rebirth of the differential equation (now 
quickly forgotten by engineers other than theoretical 
design engineers). The analog computer is giving new 
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TH 
AND A PROBLEM IN 


Wave good-by to Sherman (who’s leaving for 
the front office and a new, important promotion). 


si op aoe eee 


in hindi 


Sherman solved a ticklish problem which enabled 
his company to produce a product of highest 
possible purity. 

The company had designed and built a kiln for 
operation at very high temperatures. However, 
the heat generating potential of the kiln burners 
was so great that improper regulation of fuel could 
cause irreparable damage. Initial attempts to 
control fuel flow by gas analysis and other means 
failed. And, that’s where Sherman came in. 

















Sherman remembered 
reading an article which 
offered a condensed bul- 
letin on all types of SK 
Rotameters — accurate, 
variable area instruments 
for measuring and con- 
trolling fluid rate of flow. 




















SOLVED THE PROBLEM NEATLY! 


caemeee | An SK Safeguard Rotameter is used to measure the 
flow of fuel oil to the burners. In operation for some 
sot bapa time, the Rotameter has protected the equipment 
checked the types of against damage, saved the operator time, and even 

y helped save some fuel by providing simple and accurate 


meters described, found 
a Rotameter to be ideal rate of flow measurement. 


for the purpose, and called 
in a specialist—his near- 
est SK Sales Engineer. MORAL! Request a copy of Bulletin 18-RA for your files. 


Make use of a qualified specialist, your nearest SK Sales Engineer. 




















ge 


f Schullé and Koerting 











COMPANY 
MANUFACTURING ENGINEERS 


“9295 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 


Lim @ ~ 
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meaning to the differential equation, making it possible 
to solve operation problems via simulation, and making 
it necessary for all engineers to brush up on math.” 
(July, 1954, page 995) 


“Watch for dramatic news about new uses for com- 
puters in process industries. First computer clinic offers 
opportunity for Instrument and Process Engineers to 
learn new techniques.” (August, 1954, page 1127) 


“Use of computers is only new thing in ‘new’ field 
of automation, says recent Harvard report. First com- 
puter clinic offers opportunity to see various types in 
demonstrations.” (September, 1954, page 1359) 


“The Instrument Department of the modern plant has 
the responsibility and know-how for operation of com- 
plex controllers . .. it could make most effective use of 
the analog computer. Then why doesn’t it? The impasse 
is this: It is the limited knowledge of process functions 
that holds back application of the computer ... and it 
is limited knowledge of simulation technique (on the 
part of the Instrument Department) that limits the 
knowledge of the process functions. The Instrument De- 
partment holds the key to this viscious-circle situation.” 
(October, 1954, page 1550) 


“Men in charge of the instruments, controllers, and 
computers will become the key men in automated opera- 
tions. Instrument departments which started as small 
repair facilities with less than ten men have, in a few 
years, grown to central control centers with high- 
caliber personnel in the hundreds. Computers could put 
instrument department in charge of all plant opera- 
tions, could make instrument department the systems 
manager.” (October, 1954, page 1683) 





“Single modern development with greatest potential 
is the electronic computer. Data processing computers 
are now changing functions of larger offices throughout 
U. S.; digital and analog computers are now changing 
methods of all design engineers. Analog computer could 
put working model of unit chemical processes (and 
complete plants) in hands of the plant operating center 
ee instrument department.” (October, 1954, page 
1683) 


“First Computer Clinic (New York, Nov. 30-Dec. 2) 
is unique opportunity for engineers, instrument depart- 
ments, and operating personnel to get working demon- 
strations and perspective on entire field of computers— 
for first time. Clinic sessions will be offered by Austin 
(special purpose computers), Bendix (digital com- 
puters), Electronic Associates (analog computers), 
Goodyear Aviation (analog computers), International 
Business Machines (data processors and digital com- 
puters), Remington Rand (data processors and digital 
computers). Note complete coverage of all basic types. 
Attendance has registered from all parts of U. S. 
for this important Clinic.” (October, 1954, page 1683) 


“Analog computer purchases (gross) are expected to 
be $8-10 million for 1954; $15-20 million for 1955. Over 
$40 million worth of analog computers are in current 
use; industrial market is expected to ‘break’ soon with 
great increases at operational level.” (December, 1954, 
page 1877) 


“Commercial electronics (office computers) will ex- 
pand from present 8% to 25% of computer sales, and 
will become a $10 billion market in next 10 years, says 
W. J. Morlock of General Electric Commercial Equip- 
ment Dept.” (January, 1955, page 9) 


“First Computer Clinic at New York Automation Ex- 
position attracted 200 registrants from 24 industries 
and 26 states (plus Canada and England). Process 
men saw control problems solved by use of only transfer 
functions (no tough equations) ; factory men saw ma- 
chine-tool problems solved by computers; business men 
saw various functions of data processors; all saw pri- 
mary and intermediate fields of application for all types 
of computers.” (January, 1955, page 9) 


“Each new advance in computers opens new avenues 
of attack on previously unsolvable problems.” (Febru- 
ary, 1955, page 173) 


“Computers are giving new perspective to mathe- 
matics. Industrial engineers will find it necessary to 
develop transfer function descriptions of all industrial 
unit operations for proper analysis of systems to assure 
optimum operation.” (February, 1955, page 173) 





Meet the McLeods 


John H. McLeod, Jr., Head of the Functional Simula- 
tion Branch, Guidance Div., Naval Air Missile Test 
Center, Point Mugu, Calif., has been publishing the now 
well-known Simulation Council Newsletter since Novem- 
ber, 1952. This was shortly after he sparked the formation 
of the first Simulation Council. The primary purpose of 
the Newsletter is to report the Council discussions. 

The high value of the Newsletter stems from the fact 
that simulation technique opens a new frontier for in- 
dustrial, as well as military and engineering, instrumenta- 
tion. And the technique is most apparent from the dis- 
cussions of those engaged in simulation. It is in recogni- 
tion of this fact that /nstruments and Automation will, 
beginning with this issue, publish monthly the Simulation 
Council Newsletter. This will make the Newsletter avail- 
able not only to all present subscribers to the Newsletter 
but also to all subscribers to /nstruments and Automation. 
The Newsletter now reports the discussion of the Western, 
Midwestern, and Eastern Councils, plus those of the 
Industrial Analysis and Control Council; meetings of the 
Association for Computing Machinery, the IRE, PGEC, 
and others concerned with computers and simulation are 
also covered when possible. 

The Newsletter and Bob Lowry, former Secretary of 
the Midwestern S. C., were instrumental in the forming of 
the Midwestern and Eastern Councils, which are now 





John McLeod, your editor of The Simulation Council Newsletter, and 
Suzette (McLeod)—whose inspiration and work made it possible. 


headed by Dr. Milton Warshawsky of WADC and Dr. 
Harold Skranstad of the National Bureau of Standards, 
respectively. 

McLeod was born in Hattiesburg, Mississippi, February 
27, 1911. He graduated from Tulane University in 1933, 
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Which of these two instruments provides 
the temperature control accuracy you need? 


hy as ee eS eas ia 8 
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1. IT’S ELECTRONIC! The new Series 560 applies the thermistor 
principle in temperature indicator controls with heretofore un- 
attainable accuracy over a scale range of 200° to 600°F. It’s the 
only instrument that provides the three major control modes 
— (1) on-off (2) proportional (3) adjustable differential — all at 
the flip of a switch. Wide range of use for general laboratory, 
processing, molding or packaging applications. 





3. SIMPLICITY ITSELF is secret of Fenwal’s Series 560 — accuracy, 
sensitivity and ruggedness. The thermistor’s high resistance 
change permits operation with any length of lead wire up to 200 
feet without affecting signal strength or accuracy. Thermistor 
is hermetically sealed in glass for stability; encased in stainless 
steel for ruggedness. No complex circuitry; maintenance is easy. 





For more information 
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combines low cost with high accuracy over a temperature range 
of 100° to 700°F. Temperature changes are transmitted by a bulb 
and bellows to an indicator control. Instrument features on-off 


control . . . adjustable differential . . . ambient compensation. 
May be flush or surface mounted. Capacity of 15 amps at 115 
volts. 
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4. EASY “SET” AND “CHECK” OPERATION is a feature of Fenwal’s 
Series 540 which is accurate to within 2% over the 100° to 700°F 
range, including the effects of ambient temperatures. Send for 
FREE NEW BULLETINS, MC 122 on the Series 540, MC123 on the 
Series 560. Both contain full data you should have. Write to 
Fenwal Incorporated, 364 Pleasant St., Ashland, Mass. 


Controls Temperature... Precisely 
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with a degree in mechanical and electrical engineering. 
His experience inciudes the application of Automatic 
Control Instruments as Field Engineer with Taylor In- 
strument Companies, and their design as Research and 
Development Engineer with Leeds & Northrup Company. 
Since 1947 he has been concerned with the automatic 
stabilization and control of guided missiles, and the 
analysis and synthesis of control systems by means of 
analog computer techniques at the USNAMTC, Point 
Mugu. 

He has presented papers at two Cyclone Symposia, the 
Typhoon Symposium, the 1954 National Association of 
Computing Machinery Convention, the American Rocket 
Society's 1954 Fall Meeting, and the recent Louisiana 
State University High-Speed Computer Conference. 

Your editors believe that you will enjoy Mr. McLeod’s 
literary style, as well as benefit from the great insight 
that his reports give to the new technique of simulation. 


McLeod tells us “the most appropriate picture to 


use with any mention of me is that of Suzette and me, 
because it was Suzette who suggested the Newsletter and 
whose hard work made it possible.” Thus we invite you 
to meet both John and Suzette. 

Note that Mr. McLeod first worked in industrial in- 
strumentation—and from there entered the “then-new” 
field of analog computation, where he discovered com- 
pletely new and different techniques and procedures for 
instrumentation. In the brief time from 1952 to 1955 the 
new techniques were perfected and standardized, com- 
mercial equipments became available, basic circuits were 
developed for hysteresis and other nonlinearities, the great 
potentials of simulation for industry became apparent, 
and the new techniques became ready for the industrial 
field. The appearance of the Simulation Council News- 
letter in Instruments and Automation thus marks the 
beginning of a new era, the introduction of simulation 
techniques into the industrial instrument field. Mr. Me- 
Leod has returned from whence he started; the tide of 
events has turned full-circle. 





Clearing House 


for Meetings 


With the growth of interest in instrumentation and 
automation has come vastly increased numbers of tech- 
nical meetings—local, national, and international. Many 
of these are arranged years in advance—and many per- 
sons find it essential to attend the meetings of primary 
value in their field. Needless to say, conflicts in scheduling 
are arising frequently—for example, the 10th Annual 
Instrument Exhibit and Conference of the Instrument So- 
ciety of American (California) and the Production Engi- 
neering Show (Chicago) both occur in the period of 
September 12-16, 1955. Men who should attend both must 
choose one or the other. 


To clarify this situation, the Instruments Publishing 
Company, oldest of the publishers in the field of instru- 
mentation and most familiar with the many meetings di 
rectly related to this field, is starting a new service—a 
clearing house for instrumentation and automation meet- 
ings. All societies and organizations in the field are being 
informed that this clearing house is available; all meet- 
ings related to the field will be calendared for a period of 
five years in advance. 

All organizations which plan to hold meetings or ex- 
hibits on instruments, automation, computing, analysis. 
testing, inspection, gaging, automatic control, and allied 
subjects will find it to their advantage to check with this 
master calendar before scheduling a meeting or confer- 
ence—and then notify the clearing house when the meet- 
ing is scheduled. This service is being offered free of 
charge to all technical societies in the United States and 


overseas. 





Regional Conferences and Exhibits Grow 


Two regional conferences held in Pittsburgh, Pa. (Ana- 
lytical and Iron & Steel) show the increasing importance 
of the segmental approach to the field of instrumentation. 
The Sixth Annual Pittsburgh Conference on Analytical 
Chemistry and Applied Spectroscopy was held Feb. 28- 
March 4, 1955, at the William Penn Hotel, sponsored by 
Pittsburgh Section, ACS, and the Spectroscopy Society of 
Pittsburgh. More than 2000 men from all parts of the 
United States and Canada registered to hear the 122 short 
papers and see the 57 exhibit booths of the 37 exhibitors. 

Of particular news interest in the exhibit were the new 
nuclear-magnetic-resonance spectroscopes of Varian As- 
sociates, the Phillips Petroleum industrial line that is now 
being marketed by Consolidated Engineering, and the 
Beckman electronic colorimeter. The Varian nmr equip- 
ment lends itself to analysis of atomic structure, particu- 
larly for the oil and organic industries, and fills the gap 
left by the mass-spectrometer requirement for gaseous 
samples because it uses solid samples. The rugged Phil- 
lips automatic differential refractometer offers a simple 
approach to many analytical processing problems. 





The technical sessions covered the fields of colorimetry, 
organic, metals and alloys, mass spectra, near-infrared 
spectroscopy, high-resolution spectroscopy, X-ray fluores- 
cence analysis, the KBr pellet technique, Raman spec- 
troscopy, and others. C, M. Marstiller, R. K. Scott, and 
R. G. Russell are to be congratulated for the excellent 
management of this conference that grows in importance 
annually. 






Part of the exhibit at the Sixth Annual Conference on Analytical 
Chemistry and Applied Spectroscopy. 
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The Fifth Annual Conference and Exhibit on Instru- 
mentation in the Iron & Steel Industry was held March 
8-10, 1955, at the William Penn Hotel, Pittsburgh, Penna. 
Sponsored by the Pittsburgh Section, ISA, this im- 
portant affair was attended by more than 1000 engineers 
from all the steel centers of the United States and Canada. 

Highlight of the 14-paper program was a panel dis- 
cussion on Iron and Steel Instrumentation Problems, con- 
ducted by Mr. R. R. Webster of Jones & Laughlin Steel 
Corporation; the top “user” and “supplier” representa- 
tives of the steel industry were on this panel. Session 


Tron & Steel Instrumentation 


topics were on annealing, steel mill gases, and production 
instrumentation. 

The Exhibit was under the direction of Mr. C. F. Gold- 
camp, and had the same professional look as the National 
ISA Exhibits. A special feature of the Exhibit was a 
large section on electronics and nucleonics. 

To A. F. Robbins (Crucible Steel), F. P. Hubbel (U. S. 
Steel), R. A. Francy (Weirton Steel), and A. H. Peterson 
(Mellon Institute) goes the credit for managing this re- 
gional conference that has now attained national stature 
and recognition. 





Changing the Watch 


Milton H. Aronson, well-known in the instrument field 
as editor of Jnstrument & Apparatus News, Instrument 
Manufacturing, and as technical editor of Instruments and 
Automation, has assumed editorship of the latter publica- 
tion. Editor M. F. Behar, who for 25 years has guided 
Instruments and Automation, will remain active on the 
staff as Editor Emeritus. 

Mr. Aronson’s experience includes instrument engineer 
with Carnegie-Illinois Steel, Clairton, Pa., electronics 
engineer with Naval Ordnance Laboratory, Washington, 
D. C., and head, Electronics Section, Naval Training Pub- 
lications Center, Washington. Since 1952, Aronson has 


been on the staff of the Instruments Publishing Company 
and has been responsible for its many new features. 

Mr. Aronson holds a B.S. degree in Physics, 1939, 
from the Carnegie Institute of Technology, and has taken 
advanced math and operational calculus at George Wash- 
ington University and the University of Maryland. He has 
been on the graduate instructor staff of the University of 
Pittsburgh and is author of the book Electronic Circuitry 
for Instruments and Equipment. He is a member of the 
American Institute of Electrical Engineers (Associate) , 
Institute of Radio Engineers, Instrument Society of 
America, and Society of Technical Writers. 





An open letter to our readers: 


Dear Readers: 

It is indeed an honor to 
assume the position held so 
nobly and honorably for so 
many years by Major M. F. 
Behar. “The Major,” as he is 
affectionately known by many 
thousands, has made an im- 
portant contribution to our 
field, one of the most im- 
portant. Twenty-five years 
ago, work in the field of in- 
strumentation was work in a 
small and unknown field, and 
the rewards were meager 
compared to the efforts re- Te 
quired. 

Faith in the future of instrumentation was the driving 
force behind the constant efforts of “The Major,” who 
outlined the first methodology of the field and did much 
of its earliest published work, who coined the word “in- 
strumentation,” who championed every worker and every 
development in the field. He, who called the scientists of 
the National Bureau of Standards the “high priests of 
precision,” can aptly be called the first prophet of Instru- 
mentation. His prophecies and vision have been fulfilled. 
Instrumentation has come of age. Ill health now prevents 
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his carrying on as previously. 
but I am grateful for his 
presence in an advisory ca- 
pacity. (At the moment he is 
enjoying the sunny climate 
of the Riviera in southern 
France. ) 

The Major has taught me 
many things—adherence to 
principle, faith in the future 
of instrumentation, diligence 
in seeking after the truth. His 
credo can well be described 
in the words of Lucretius in 
the poem “Concerning the 
Nature of Things,” which 
your new editor accepts as a guiding principle for the 
future: 

"Now apply your mind, | pray, to a true reasoning; 
for a truth wondrously new is struggling to reach your 
ears, and a new view of creation to reveal itself . . . 
"". . . your merit and the anticipated pleasure of your 
sweet friendship urge me to undertake any toil and 
induce me to keep vigil through the silent nights, 
searching by what words, yea and in what measures, 
to spread before your mind a bright light by which 


you may examine deeply into hidden truths . . .” 
Milton H. Aronson 


M. F. Behar 














New G-E Accessories 


contribute greater accuracy 


i No. 2 SPG Detector 


Preamplifier for » 
Proportional Counter 


Designed for use with the G-E XRD-3 


The G-E XRD-3 x-ray diffraction unit is widely used 
for physical and chemical analysis of many kinds of 
materials. To extend this unit’s working range — and 
to make it even more accurate — we offer the follow- 
ing new accessories: 


1. No. 2 SPG Derecror. Unit features scaler of ex- 
tended range with resolving time of one micro-second 
.. . with provision for both counting for preset time 
and timing for preset count . . . with automatic re- 
cording counter . . . with precisely adjustable long 
wavelength pulse discriminator to complement pro- 

ortional counter. Also featured is ratemeter with 
Both linear and logarithmic response by selector switch. 
Linear response contributes convenience in measuring 
relative intensities. Logarithmic response provides 
uniform measurability of widely differing intensities. 


2. No. 2 SPG PREAMPLIFIER for proportional counters 
is designed to work with the No. 2 SPG Detector. 


For more information 


and versatility to 


X-Ray Diffraction 


~w No. 2 SPG Spectrometer 






Gas-filled proportional counter is generally preferred 
because of the semi-monochromating effect of the 
selective absorption characteristics of the gas in nearly 
all x-ray diffraction procedures, 


3. No. 2 SPG SPECTROMETER uses a reflecting crystal 
to measure x-ray spectra of small atomic number 
elements in helium atmosphere. Offers vast improve- 
ment of intensities for all elements in air. 

Get complete details from your General Electric 
x-ray representative. Call him today... or write 
X-Ray Department, General Electric Company, Mil- 
waukee 1, Wisconsin, for Pub. BL44. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 


circle 40 on inquiry card. 
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New Instruments... 











INSTRUMENTS 


and 





For further information use the postage-free order card on page 667 


RECORDING 





Tape Transport Unit 


New “Model 546 Mag- 
netic Tape Transport 
Unit,” for use with most 
digital computer and data 
processing systems, has a 
capacity of 2400 feet of % 
or ™% in. magnetic tape 
which is moved at optional 
speeds of 30, 40, 50, 60, or 
75 ips. by two constant- 
speed capstan motors. Us- 
ing a standard %-in. tape 
and Brush “Series 
BK1500N or BK1300N” 
heads, a maximum of 18 
information channels is 
available. Through its re- 
mote features, unit will 
perform (with associated 
control) such functions as 
search, selective reading and writing, 
rapid reversal of tape direction, re- 
wind and stop.—ElectroData Corp., 
717 N. Lake Ave., Pasadena 6, Calif. 
For n nformation circle 201 on inquiry card. 





Recorder Ink 


New “Type 1500” ink was especial- 
ly formulated for use with maker’s 
pens and “Humitex” charts to produce 





sharpest possible record; contains no 
sediment. % New squeeze bottle has 
unique plastic capillary tube and fil- 
ter assembly enabling user to dis- 
pense precise quantity without drip- 
ping. Red, violet, blue, green and 
black.—The Foxboro Co., Foxboro, 
Mass. 


For 


rcle 202 on inquiry card. 





CONTENTS OF THIS DEPARTMENT 


Recording 542 Laboratory 558 
Automation 543 Testing, Inspection 56! 
Fiame Photometers 544 Electrical, Electronic 
Temperature 545 Instruments 567 
eo Power Supplies 579 
ressure ifi 
Force, Acceleration 550 Amplifiers 38! 
Speed, Time 552 Electronic 
ce : Components 582 
ounting, : 
Computing 553 Electromechanical 585 
Nucleonics 554 Tube Fittings 591 
Optics 556 Valves 592 
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Briefease Recorder 


New “Secret Recorder” is a battery- 
operated magnetic tape recorder for 
investigative work, camouflaged in an 





average-size leather briefcase which 
may be opened, carried or put dowr 
without showing quiet recorder in 
operation.—Amplifier Corp. of Ameri- 
ca, 398 Broadway, New York 13, N. Y. 


For more information circle 203 on inquiry card. 


Airborne Tape Recorder 


New “Series 550,” smallest multi- 
channel airborne magnetic tape re- 
corder yet produced, is packaged in 
two units 7 in. wide by 7% in. long. 
Recorder and oscillator unit is 8 in. 
high and weighs 15 lbs.; power sup- 
ply unit is 6 in. high and weighs 10 
lbs. Reels holding 450 ft. of “thin” 
(1.5 mil) 1-in. tape permit 6 min. of 
recording time at 15 ips. Standard 
model contains 6 FM recording oscil- 
lators on printed circuit plug-in cards 
having a 1 to 2000 cps. data bandwidth 
and one crystal-controlled reference 
channel oscillator; operates from 25- 
29 v.de—The Davies Laboratories 
Inc., 4705 Queensbury Rd., Riverdale, 
Md. 
rcle 204 on inquiry card. 


Paper Tape Readers 


New “FR-300 Series” perforated 
tape readers, designed to read one or 
more standard perforated tapes at 
rates up to 60 characters per second, 








AUTOMATION 





























feature contoured low-inertia sensing 
pins, sprocket hole guiding unique 
single revolution clutch and Geneva 
drive to eliminate tape advance im- 
pact loads.—Soroban Engineering, 
Inc., Box 117, Melbourne, Fla. 


on circle 205 on inquiry card. 





For more informat 


Tape Recorder 


New “Type 7” magnetic tape record- 
ing equipment features “Building 
Block” assembly and new magnetic 





heads and drive; can record all types 
of instrumentation information such 
as vibration, shock, sound, pressure 
and telemetering data, etc., from 100 
to 100,000 cps.—A-V Mfg. Corp., 730 
Fifth Ave., New York 19, N. Y. 
For r information circle 206 on inquiry card. 


Tape Cutter-splicer 


New “Gibson Girl Deluxe Model TS- 
4DLX” not only miter-cuts recording 
tape and trims spliced joint with a 





unique indented “Gibson Girl” waist, 
but also carries a roll of splicing tape 
which is fed through to point of ap- 
plication. Professional splices can be 
made in 5 sec. and no other equipment 
is needed.—Robins Industries Corp., 
82-09 251st St., Bellerose 26, N. Y. 


For more information circle 207 on inquiry card. 


Wider-region Recording 
Spectrophotometer 


New optical elements in maker’s 
“Model 14” open a new wavelength 
region—to 0.19 micron and shorter— 
enabling analysis of a number of com- 
pounds “not previously adaptable to 







































































































































































1900A 2000A 
untraviolet spectrophotometry on 
standard instruments.” Illustration: 
spectrum of methyl ethyl ketone va- 
por.—A pplied Physics Corp., 362 W. 
Colorado St., Pasadena, Calif. 

For m ircle 208 


AUTOMATION 


re information 





Web and Edge Control 


on inquiry card. | 


New backstand controls both ten- | 


sion and edge position of a moving 
web as it is fed to a slitter, printing 
press, etc. Tension can be maintained 
at any selected value up to 4 lb./in. 
within 5 percent at any steady web 


4312 





speed. Edge position is maintained 
within 0.015 in. with a runout of 3 in. 
from center position. Speeds up to 
1200 fpm.—Askania Regulator Co., 
240 EF. Ontario St., Chicago 11, Ill. 

For YT circle 209 on in Juiry card 


ore information 


Supervisory System 


New 24 point supervisory system 
has double operating range of pre- 
vious design and a simplified adjust- 
ment of coding relay timing; is ex- 
pected to fulfill more than 50 percent 
of all user requirements for remote 
control and indication for substations 
and small generating stations. All 
devices in both master and remote sta- 
tions of new system are mounted on 
front panels. Adjustment of coding 
relay timing can be made by turning a 
rheostat knob.—Medium Voltage 





Switchgear Dep’t, General Electric 
Co., Philadelphia, Pa. 
For more information circle 210 on inquiry card. 


Proportional Controller 


New “AEG Swing Coil Regulator” 
(German-made) comprises a millivolt- 
meter movement carrying a coil which 
moves in an alternating magnetic 
field to produce an induced voltage 





sh 





Precision 
WHEATSTONE 
BRIDGES 


Highest Accuracy. .. Minimum Size 
for Field, Lab, and Production Use 


There’s a Shallcross Bridge for measuring 
resistance to any desired precision—indoors or 
out. Field models/have aluminum cases with 
controls easily adjustable even with a gloved 
hand. Models for lab, production, and school 
use feature high readability and simple 
operation—even for unskilled users. 

Accuracy, Stability, and Ruggedness—unsur- 
passed in any instrument of comparable price. 

Selections from the complete Shallcross line 
are described below. Additional specifications 
on these,/and many other types, are available 
from SHALLCROSS MFG. CO., 510 Pusey Ave., 


Collingdale, Pa. 


WHEATSTONE—FAULT LOCATION BRIDGE No. 6100: 


/\-dial field model. Locates 


grounds, crosses, 


or Fisher Loop and Capacitance tests. Range: 1 
to 1,011,000 ohms. Accuracy: + 0.1%, + 0.01 


8 
Deliveres, / opens, and shorts by Murray, Varley, Hilborn, 
from x 


ohm. 87/" x 734" x 534". 8 lbs. Price: $175. 


KELVIN-WHEATSTONE BRIDGE No. 638-R: Shallcross 
/ has pioneered this compact combination of two 


Grock 


f 


bridges in one. Range: 0.001 to 11,110,000 

ohms. Accuracy: + 0.3% -—1 to 111,100 ohms. 

12'4." x 10!" x 634". 9 lbs. Price: $260. 
WHEATSTONE-LIMIT BRIDGE No. 6320: Combines 
/ 5-dial Wheatstone and Percent-Limit features. 


f Range: 0.1 to 111,110,000 ohms. Accuracy— 


Ratio resistors: +.01%, 


Rheostat: +(.01% to 


05% + .005 ohms). 1534" x 91/4" x 5'/2". 15 


Ibs. Price: $700. 
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whose value is proportional to devia- 
tion from set point and whose phase 
depends on sign of deviation. This out- 





put is amplified by an electron tube 
and fed to an electropneumatic power 
relay (Fig. 2) which commands a dia- 
phragm-motor valve or other final 
element. Controller’s proportional 
band is adjustable from 0 to 20 per- 
cent.—Donald O. Seibert, Box 281, 
Wilmington, Del. 


For more information circle 211 on inquiry card. 


Telemetering Oscillator 


New “Series 0200” works with most 
devices 


variable-reluctance on any 





center frequency from 1 ke. to 100 ke. 
Its circuit employs a highly stable FM 
oscillator followed by an_ isolating 
voltage amplifier: inductance varia- 
tions of device connected across oscil- 
lator tank circuit produce proportional 
deviation in oscillator frequency. Af- 
ter successful airborne uses, recom- 
mended industrial uses include meas- 
urement and control of liquid level, 
pressure, flow-rates, ete.—Datran En- 
gineering Corp., 6312 W. 92nd St., Los 
Angeles 45, Calif. 

For more information circle 212 on inquiry card. 


Digital-type Controller 


New automatic digital controller 
can be used to control machine tools, 
conveyor belts, batch mixing opera- 
tions, or to hold valves within preset 
limits. “Heart” (illustrated) has ca- 
pacity of 2500 counts; adds and sub- 
tracts at rates up to 20 digits per sec- 
ond. Count at any instant is shown by 
four of a new type of counter tube, 
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known as “Inditron.” Primary ele- 
ments can be photocells, switches, etc., 
with discrete outputs; or thermo- 
couples, pH cells, etc., with continuous 
outputs.—American Electronic Mfg. 
Inc., 9503 W. Jefferson Blvd., Culver 
City, Calif. 


For more information circle 213 on inquiry card. 


Photoelectric Control 


New improved photoelectric control 
unit is designed for applications where 
light beam is wholly interrupted; re- 
quires 20 foot-candles minimum light, 


ey 





0.06 sec. minimum phototube dark 
time and 0.06 sec. minimum phototube 
light time. Plate relay is energized 
when light beam is interrupted; con- 
tacts rated 5 amps. 115 v.ac.—The 
Autotron Co., P. O. Box 722-Q, Dan- 
ville, Ill. 


For more information 





cle 214 on inquiry card. 


Gas Detector 


New “Model GG/102,” for making 
quantitative measurements of gas con- 
centrations in certain mixtures of 
gas and air, derives operation from 


oo 
I 





fact that certain gas and air mixtures 
(below lower explosive limit) will 
burn in presence of a heated platinum 
filament and tend to further heat fila- 
ment. Among features: continuous 
sampling at ten test locations; %- 
second response; compensation system 
permitting operation over wide ranges 
of temperature and pressure.—Bristol 
Engineering Corp., Bristol, Penna. 


For more information circle 215 on inquiry card. 


FLAME 
PHOTOMETERS 





Flame Photometer 


New “Norelco Internal Standard 
Flame Photometer,” for rapid analy- 
sis of sodium, potassium and lithium, 
measures sodium and potassium in 
blood urine and tissue; detects alkalies 
in cement; detects alkalies in silicates 





4239 


and metals; detects lithium oxide in 
cement; analyzes water and water- 
formed deposits. One feature permits 
both Na and K to be determined se- 
quentially in each specimen as _ it 
passes through instrument; another 
is that each element is detected by a 
photocell of maximal sensitivity for 
that element.—Mount Vernon Div., 
North American Philips Co., Inc., 750 
S. Fulton Ave., Mount Vernon, N. Y. 


For more information’ circle 216 on inquiry card. 


Flame Photometer 


New Flame Photometer features 
simplified operation and an indicator 
calibrated directly in milliequivalents 





of sodium and potassium (no need of 
referring to calibration curves or con- 
version tables). Moving Na or K lever 
into position automatically places 
proper filter between flame and photo- 
tube and brings correct calibration 
pots into operating position. Indicated 
range 0 to 2.8 meg/l. for Na and 0 to 
0.14 meg/1. for K. User can soon make 
50 to 60 determinations per hour.— 
Beckman Div., Beckman Instruments, 
Inc., Fullerton 1, Calif. 


For more information circle 217 on inquiry card, 


























TEMPERATURE 





TC Transfer Switches 


New thermocouple transfer switches 
feature contact resistance of less than 
0.004 ohm (will not vary more than 
0.0003 ohm over life of unit). Avail- 





able in all combinations of poles per 
deck, number of decks and positions 
per deck. Silver alloy contacts, slip 
rings and rotor arms: therefore no 
thermal emf.—The Daven Co., 191 
Central Ave., Newark 4, N. J. 


For more information circle 218 on inquiry card. 


Heating Controller 


New “Weather- 
Man” for mul- 
tiple occupancy 
buildings has a 
remote outside- 
temperature bulb; 
program dial au- 
tomatically con- 
trols heat input 
during the day, 

aia provides night 
setback and a morning buildup period 
—all adjusted according to changes in 
weather. Manual “Variator’ dial al- 
ters heat flow in case of special re- 
quirements. A hand switch is also pro- 
vided for manual operation without 
disturbing dial program.—Automatic 
Devices Co., Inc., Western Springs, 
Illinois. 


For more information circ 





le 219 on inquiry card. 


Temperature Controller 


New “Type E32N” replaces “E8N.” 
Among new features: calibrating 
mechanism compensates movement er- 





4267 


rors of commercial thermal systems, 
permitting replacement of these sys- 
tems in the field without loss of cali- 
bration accuracy; 12-in. scale rotates 
against a fixed index pointer; each 





. TWO NEW KEARFOTT 
COMPUTER COMPONENTS 


MINIATURE MECHANICAL RESOLVER 


1/2 ACTUAL 
SIZE 








An extremely compact unit meas- 
uring only 1 15/16" high, 1 3/4" 
wide and 2 1/8" long. It combines 
the functions of a ball and disc 
integrator and a spherical re- 
solver. Will integrate the sine and 
cosine functions of an angle or 
resolve a vector displacement into 
its horizontal and vertical com- 
ponents. 


INTEGRATING FILTER 


Used to integrate a voltage signal 
from a specified minimum integra- 
irelaMm olla lel- ME oMRol-Mmel o) oleele(aullile| 
an infinite period of time. Avail- 
able for DC to AC or AC to AC 
applications. These units eliminate 
harmonic and quadrature volt- 
oTel SM CoM il esa eMulelolm@elaiaile me) 
tachometer generator. Permits the 
ThY- We) mo (ohomelolsmuucumasiiiae| Meluts 
plifier by effectively providing 
infinite gain. 
DIMENSIONS: 

AC-AC Filter 1.437" diam. x 2.484" long. 
DC-AC Filter 1.969" diam. x 2.938" long. 





1/2 ACTUAL SIZE 


The close attention to details that has made Kearfott one of 
the leading producers of servo system components goes into 
the design and production of these devices. Detailed de- 


scriptions sent on request. 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, Servo 
and Magnetic Amplifiers, Tachometer 
Generators, Hermetic Rotary Seals, 
Aircraft Novigational Systems, and 
other high accuracy mechanical, elec- 
trical and electronic components. 


Many opportunities in the above fields 
are open—please write for details 
today 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 





KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 5 


Midwest Office: 188 W. Randolph Street, Chicago, Ill. 


South Central Office: 6115 Denton Drive, Dallas, Texes 


West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


For more informati: 


le 42 on inquiry card 
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model automatically compensated for 
ambient and overtravel temperatures. 
Twelve standard models; spans from 
300 F. or 550 F. between limits of 
150 F. to 650 F. with on-off differ- 
ential as close as 0.5 F. Electrical 
ratings 15 and 20 amps.—United Elec- 
tric Controls Co., 85 School St., Water- 
town 72, Mass. 


more information 


cle 220 on inquiry card. 


Dial Thermometer 


New all-stainless-steel bimetal dial 
thermometer features anti-parallax 
“Maxivision” dial: graduations on a 
raised ring, point- 
er tip at same 
level. Small-di- 
ameter stainless- 
steel stem is mir- 





ror-polished, all 
joints welded. Sil- 
icone damping of 
element mini- 
mizes effects of 
vibration and acts as heat-transfer 
medium. Ranges from minus 80 F. to 
1000 F.; dials graduated in F. or C.— 
Manning, Maxwell & Moore, Inc., 
Stratford, Conn. 
For more information circle 221 on inquiry card. 





Surface Thermometer 


New “Model 314” surface tempera- 
ture thermometer, range 50 to 750 F., 
features bimetal spiral metals special- 


» y 
Sry 


CON 


gE 
e. 











ly designed for high temperatures; 
is affixed to surface by means of two 
Alnico magnets.—Pacific Transducer 
Corp., 11836 W. Pico Blvd., Los An- 
geles 64, Calif. 
F re informatior € 222 on inquiry card. 


Thermometric Resistor 


New “SN-1,” added to “RdF Stikon” 
line of resistance-thermometer ele- 
ments, features silicone-impregnated 
glass-fiber fabric which permits con- 
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tinuous operation at 500 F. and short- 
term use at 600 F. It measures 9/16 
by 1-7/16 by 0.01 thick and weighs 
(excluding external leads) a little less 
than 0.005 oz.: approx. weight of two 
ordinary postage stamps. At 70 F., 
resistance is 100 ohms; manufacturing 
tolerance is 2 ohms; each element 
marked to nearest 0.5 ohm.—Ruge-De 


Forest, Inc., 50 Moulton St., Cam- 
bridge 38, Mass. 
For more information circle 223 on inquiry card. 


Thermocouple Heads 


New compact watertight thermo- 
couple heads with chrome finish for 
corrosion resistance are easy to as- 


semble (screws loosened, not re- 
moved) ; are 2-5/32 in. long by 1% in. 
diam.; weight 3% oz.—Conax Corp., 
4515 Main St., Buffalo 21, N. Y. 


For more information circle 224 on inquiry card. 


Safety Shut-off 


New “AR-100R” thermopilot relay 
for automatic safety shutoff of gas- 
fired appliances is said to offer “the 
ultimate in convenience;” features au- 
tomatic reset and exceedingly stable 
operation. Any tendency to chatter 
because of vibration is eliminated by 
use of maker’s “G-250 Pilot Genera- 
tor,” which supplies ten times the 
voltage of ordinary single thermo- 
couples of the same physical size.— 
General Controls Co., Glendale, Calif. 


For more information circle 225 on inquiry card 


Steam-and-water Mixer 


New “No. 1360 Series” utilizes full 
heat energy by injecting steam di- 
rectly into water, can be used wher- 
ever hot water is required, and steam 
and water are available. Features: 
new bulb design with twice the sur- 
face area of conventional bulbs; mix- 


4377 





ing chamber designed to prevent strat- 
ification and false temperature indi- 
cations.—Fulton Sylphon Div., Rob- 
ertshaw-Fulton Controls Co., Box 400, 
Knoxville, Tenn. 

ation cir 


cle 226 on inquiry card. 


For more inform 


Temperature Controllers 


Two new temperature controllers: 
“Type WT” (illustrated) controls 
flow of brine, etc., used in cooling and 





other processes; its valve opens with 
temperature rise. Available in direct- 
operated sizes of %, % and % in. 
F.P.T. and in pilot-operated sizes of 
1 to 4 in. “Type HT” controls flow of 
hot water or low-pressure (to 150 
psi.) steam; its valve closes with tem- 
perature rise. Connection sizes: di- 
rect-operated type %, %, and % in., 
pilot-operated type 1, 1%, 1% and 2 
in. Various types of bulbs.—Electri- 
matic Co., Skokie, Illinois. 

rcle 227 on inquiry card. 


For more information 


FLOW 





Chemical Pump 


New models of maker’s gearless 
multi-purpose rotary type displace- 
ment pump are available with a self- 
lubricating carbon-graphite impeller. 





Among advantages: high resistance 
to thermal shock makes possible tem- 
perature ranges from —70 F. to 400 
F.; speeds up to 5000 rpm. with non- 
lubricating fluids such as water or 
alcohol; no product contamination.— 


Eco Engineering Co., 12 New York 
Ave., Newark 1, N. J. 
For more information circle 228 on inquiry card. 


Explosion-proof Lighting 
for Area-type Flowmeters 


New equipment is believed to be the 
first explosion-proof fluorescent direct 
lighting system for industrial and 
laboratory flowmeters; is designed for 
translucent plastic instruments meter- 


Circle 43 or CA, > 








id REASONS WHY THE 


PRITCHARD HYDRYER IS 


THE ANSWER FOR 


INSTRUMENT AIR DRYING 


2. FULL LINE PRES- 
SURE REACTIVATION. 


Pressuring and de-pressuring 


of adsorbers between cycles 


is eliminated. 


4. LONGER ADSORB- 


1. NO WASTE. 100% of all 
gas entering the HYDRYER is 
dried without loss. 


3. PURGING ELIMI- 
NATED. The Type A HY- 
DRYER uses the inlet main gas 
stream for reactivation, not 
an external stream of atmos- 
pheric air or other gas. 


5S. REACTIVATION GAS 










ENT LIFE. Dusting and 
breakage of particles is re- 
duced because there is no 
movement of adsorbent due 
to pressure changes or high 
velocities, 


IS PREHEATED. This as- 
sures complete heat transfer 
during the heating period for 
uniform reactivation of the 
adsorbent. 













6. NO MOVING PARTS. 
No operating or maintenance 
costs on blowers, motors, fans, 


rotating beds . . . because 


there are none. 


9. SAFETY FACTORS 
MINIMIZE HUMAN 
ERROR. No equipment can 
be damaged by opening the 
wrong valve. 





HYDRYER ON DUTY, 

drying instrument air at the 
Farmers Union Exchange 
Refinery, Laurel, Montana. 
It dries 400 SCF/M of air 
at 60 psig and 80-95°F. 
saturated. Outlet gas dew 
point is —40°F, 








7. SIMPLIFIED OPERA- 
TIONS. The process is great- 
ly simplified, requires mini- 
mum of operations. Impor- 
tant, when you have inexperi- 
enced operators. 


COOLING TOWERS 
AUR COULD NEAT EXCHANGERS / 


GAS & ASR TREATING £QUIAVENT 
/ 


SNOGSTAV'S 
PARTNER FOR 
PROGRESS 





REPRESENTATIVES 
I PRINCES AML CITES 

FOOM COAST 

70 COAST r 





















10. VISUAL OBSERVA- 
TION and check of the mois- 
ture adsorbed from the gas 
stream is possible on each 
cycle, 


SEND FOR BULLETIN 
You can learn about the many ways 
HYDRYERS may be used to dry instrument 
air from this Pritchard bulletin, No. 16.0.181. 
Send for your complimentary 
copy today on your company letterhead. 


ur.Pritchard «co. 


OF CALIFORNIA 


A OtvViStOn OF 4. #£ PRITCHARD & 


Dept. 448, 4625 Roanoke Parkway, Kansas City 12, Mo. 


' 8. REDUCED Equip. 


* Equipment and line sizes are 









MENT AND LINE SIZES. 


small compared to those re- 
quired for reactivation at at- 
mospheric or lower pressures. 














co 
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ing combustible liquids in areas where 
better lighting is required than pro- 
vided by usual indirect or reflected 
methods.—Commercial Research 
Labs., Inc., 20 Bartlett St., Detroit 3, 
Mich. 

For more information circle 229 on inquiry ard 


Chemical Pump 


New model of stainless steel “Cen- 
tri-Chem” pump is available with a 
new pedestal mount designed to per- 





4553 
mit belt drive or direct coupling with 
any standard motor. It is a centrifugal 
monometallic pump manufactured in 
Type 20 alloy, AC1 CN-7MCu.—ECO 
Engineering Co., 12 New York Ave., 
Newark, N. J. 


re informat 


n circle 239 on inquiry card. 


Flow Transmitter 


New “Mag/Nu/ Matic” magnetical- 
ly-actuated pneumatic transmitter, for 
use with all types of pneumatic re- 


PURGE 
CONNEC TION 


ADJUSTABLE 
INERTIA DAMPER 


MAGNE TiC 


-- i MOMENT ARM 
J 
ADJUSTABLE Ee || %, FORCE BALANCE 
PISTON MOUNTING BLOCKS ) al PISTONS 
GLASS CYLINDER 
yh ee) ~> 
nad ; 
7 DITys MOMENT ARM STOP 
MAGNE TiC J , 

OAT EXTENSION 4 i PRESSURE GAGE 
‘ ‘ a: if FLOAT POSITION 
8 < - a NDICATOR 

> > kK 
4 ie) 
NEEQLE oe / 
ALE { *, ’ 7 e.F 
4, & ity) AL COUNT ERBAL ANCE 
Mi Thor 
worzut "Sg feo 
ANE Cc ; yy = 
* CROSS -FLEXURES 
j 
AIR IN am OUT 


ZERO ADJUSTMENT 


EXTENSION TUBE 


ceivers and control instruments, em- 
ploys a force-balance pneumatic sys- 
tem featuring low inertia and rapid 
response; operates at flow rates as low 
as 0.5 gpm. of water or 2.0 cfm. of air. 
Low float mass permits operation at 
low pressure drop.—Brooks Rotameter 
Co., Lansdale, Penna. 


ircle 231 on inquiry card 


For more information 


Chemical Pump 


New “Type MSM” positive-displace- 
ment reciprocating type pump, for 
chemical injection, proportioning, etc., 
operates on air or gas pressure; pro- 
vides discharge ratios up to 497:1, so 
that almost 25,000 psi. discharge pres- 
sure may be obtained with 50 psi. 
operating pressure; can be regulated 
to inject additives in exact propor- 
tions to volumes carried in lines or 
vessels.—Texsteam Corp., P.O. Box 
9127, Houston, Texas. 


For more information circle 232 on inquiry card. 


PRESSURE 





Large-dial Gage 


New 19%-in. Bourdon pressure gage 
provides increased accuracy, greater 
visibility, and easier reading. When 
used with maker’s load cells, guaran- 
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teed accuracy is 2 percent of load 
range. Scales individually calibrated 
at twenty points. Various standard 
and special scales, top center dials, 
ete.—The A. H. Emery Co., New Ca- 
naan, Conn. 

ircle 233 on inqu 


For more informatior ry card 


Pressure Switches 


New miniature (4 oz.) pressure 
switches handle 5 to 12,000 psi.; meet 
or surpass military specs for perform- 


ance, vibration, etc.; available in sp.st., 
sp.dt., 2p.s.t., 2p.dt., N-O or N-C; 17 
amp. at 24 v.de., 15 amp. at 115 v.ac. 
—Leach Relay Co., 5915 Avalon Blvd., 
Los Angeles 3, Calif. 


For more information circle 234 on inquiry card. 


Vacuum-gage Tube 


— New vacuum-gage 
tube of thermocouple 
type is designed to re- 
tain permanent cali- 
bration while with- 
standing intense vibra- 
tion, shock and temper- 
ature change; is for 
use with maker’s vac- 
uum indicator 
and indicator- 
controller in 1- 
1000-micron 
range. Short 
butt-welded no- 
bie-metal thermo- 
couples are ar- 
ranged in a ther- 
mopile to com- 
pensate for tem- 
perature changes 
and for rate-of- 
change of temperature Welded con- 
struction makes gage tube resist dam- 
age by vibration. Matched tubes can 
be used for multi-point monitoring 
from a single gage. Tubes respond in 
one-half second; employ standard %- 
in. IPS male threads.—Hastings In- 
strument Co., Hampton, Va. 


For more information circle 235 on inquiry card. 










Weatherproof Diaphragm 
Pressure Controllers 


New “Series PQW and PPQW,” for 
control of low pressure or vacuum 
(inches or hundredths of inches of 





water) are suitable for outdoor serv- 
ice. Equipped with maker’s Sealed 
Magnetic Mercury Switch, capacity 
20 watts. “PPQW” is for differentials. 
—The Mercoid Corp., 4201 Belmont 
Ave., Chicago 41, Ill. 


For more information circle 236 on inquiry card. 


Pressure Pickup 


New “Model DP-15” utilizes vari- 
able reluctance principle for static and 


Half nage 4 





actual 






































. @ revolutionary new 
mechanical process for higher 
production at lower costs. 
Fastest PREPARATION and 
ASSEMBLY of Resistors, 














Capacitors, Diodes and all 
other axial lead components 
for TERMINAL BOARDS, 
PRINTED CIRCUITS and 
































“PIG-TAILOR” *. “SPIN-PIN” * 
MINIATURIZED ASSEMBLIES. “ ne 
The "PIG-TAILOR" plus "SPIN-PIN"’ — Accurately Measures, Cuts, Bends, 
Ejects and Assembles both leads simultaneously to individual lengths and 
@eeese shapes — 3 minute set-up — No accessories — Foot operated — 1 hour 
training time. 
PIG-TAILORING provides: PIG-TAILORING eliminates: 
1, Uniform component position. 6. Individual cut and bend lengths, 1, Diagonal cutters. 6. Broken leads. 
2. Uniform marking exposure. 7. Better time/rate analysis. 2. long-nose pliers 7. Short circuits from clippings. 
3. Miniaturization spacing control, 8. Closer cost control. 3. Operator judgment. 8. 65% chassis handling. 
4. "S" leads for terminals. 9. Invaluable labor saving. 4. 90% operator training time. 9. Excessive lead tautness. 
5. ‘'U™ leads for printed circuits, 10. Immediate cost recovery. 5. Broken components. 10. Haphazard assembly methods 
* PATENT PENDING Write for illustrated, descriptive text on ‘‘PIG-TAILORING” to Dept./A 4-P 


BRUNO-NEW YORK INDUSTRIES CORPORATION 


DESIGNERS AND MANUFACTURERS OF ELECTRONIC EQUIPMENT 
460 WEST 34th STREET 8 NEW YOROR: 1, Wi. Ng 


For more information c 


















A Superior Detector 


for 
Infra-Red Spectroscopy 


GOLAY 
PNEUMATIC 
DETECTOR 


Among the characteristics that render the Golay Detector superior to other types 
of detectors for use in infrared spectroscopy are: 











1. An effective sensitive area 3/32” in diameter. 


2. Sensitivity of 6 x 10711 watts RMSENI when used with “chopped 
beam” method and with recording time constant of 1.6 second. 


3. Uniform sensitivity from the ultra-violet through the visible and the 
entire infra-red, and up to the micro-wave region. 


4. Improved, drift-free, A.C. operated amplifier with step gain controls 
and four response periods. 


THE EPPLEY LABORATORY, INC. 


SCIENTIFIC INSTRUMENTS 
2 SHEFFIELD AVENUE, NEWPORT, RHODE ISLAND, U.S.A. 


Write for EPLAB Bulletin 
No. 10 























For more information circle 45 on inquiry card. 
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ultra- 
sensitive. 


relays 


help solve control 
problems in wide range 
of industrial applications 


BARBER 
COLMAN 


TYPE O 
Octal plug-in 


TYPE L 
Solder-lug 


Hermetically 
led 


TYPE TF 
Screw 
Terminals 


Hermetically 
sealed 
Minimum 
mounting 
space 


Operating on input powers of 50 to 1000 
microwatts, the Barber-Colman Micro- 
positioner is ideal for use as a null de- 
tector in resistance bridge circuits, a 
differential relay in electronic plate cir- 
cuits, and an amplifier in photo-electric 
circuits. Standard contact arrangement 
is SPDT, null seeking. Can be operated 
in excess of 100 cps. This ultra-sensitive 
polarized d-c relay has been widely used 
in many control applications . . . in nu- 
cleonics, communications, instrumenta- 
tion, process control, railway signal 
transmission, and aircraft temperature 
control and remote positioning. Write 
for Bulletin F 3961-4. 


Barber-Colman Company 
Dept. P, 1415 Rock Street, Rockford, Illinois 


F re information circle 46 on inquiry card. 
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dynamic measurements of differential 
pressure in ranges from + 200 to 
+5000 psid. at line pressures up to 
5000 psi; stand overloads up to 100 
percent. Natural frequencies from 
2000 cps. at lowest range to 10,000 
cps. at highest.—North American In- 
struments, Inc., 2420 N. Lake Ave., 
Altadena, Calif. 


For mone tatecmeGion ‘circ 


e 237 on inquiry card. 


Air Blast Pickups 


Three new barium titanate air blast 
gages measure true free-field pres- 
sure; can be supplied with or without 


strut-mounting; provide high sensi- 
tivity (250 mv./psi.), broad frequency 
range (1 cps.-100 ke.) and wide dy- 
namic range (to 1000 psi.) ; are suit- 
able for general transient pressure 


measurements in gases as well as for 
shock-wave studies.—Chesapeake In- 
strument Corp., Shadyside, Md. 

e 238 on inquiry card. 


For more information circ 


Air Regulator 


New ‘‘Model 

55 Regulator” 

provides drift- 

free source of 

clean, dry air for 

instrument serv- 

ice or air-regulat- 

ed equipment. Ca- 

pacity up to 15 

scfm.; maximum 

inlet pressure 150 

psi.; automatic 

relief if the regu- 

lated pressure ex- 

ceeds pre-set 

value. Resinous 

bonded filter ele- 

ment 35 times 

area of standard %-in. pipe. Entire 

unit easily cleaned; dripwell drained 

by a simple push-button valve.—Ken- 

dall Controls Corp., 144 Moody St., 
Waltham, Mass. 

For more information circle 239 on inquiry card. 


FORCE, ACCELERATION 





Stick-force Dynamometer 


New “R1040-2,” used with maker’s 
“Servometer” to measure forces ap- 
plied to aileron and elevator controls, 
is a double-cantilever beam dynamom- 


eter employing two strain gage 
bridges, each with four active arms. 
Voltage outputs of strain gage bridges 
are independent of load distribution 
applied to grip. (Original design work 
was by Wright Air Development Cen- 
ter.) —Radiation, Inc., Melbourne, Fla. 


For more information circle 240 on inquiry card. 


Acceleration Pickup 


New “Glennite Model A 330” with- 
stands up to 30,000 G without damage; 


i es 


is for research in drop testing and 
impacts of projectiles; utilizes a piezo- 
electric ceramic said to provide better 
linearity and temperature stability 
than pure barium titanate. New 
rugged-type seismic suspension and 
titanium construction throughout 
achieve compactness (1% in. diam. 
by 1-5/32 in. high); weight 1% oz. 
exclusive of cable.-—Gulton Mfg. Corp., 
Metuchen, N. J. 


For more information circle 241 on inquir 


Strain Indicator 


New ‘‘Type 
RS-20” features 
resistance and ca- 
pacitance balanc- 
ing controls, mak- 
ing possible the 
use of cables up 
to 500 ft. long 
and obviating 
need to add or , 
subtract tare © aM 
readings; is 
available in 2, 6 or 12 channels; oper- 
ates with strain-gage-type pickups 
utilizing carrier excitation. Strain in- 
dication accuracy 1 microinch per 
inch. Self-contained batteries and 
power supply.—Hathaway Instrument 
Co., 1815 S. Clarkson, Denver, Colo. 


For more information circle 242 on inquiry card. 


Strain-gage Control 


New “Type 335” is for use with any 
CRO using suitable preamplifiers, or 
directly with maker’s “Type 324.” It 
contains necessary battery supplies 
and balance system to operate what- 
ever strain-gage setup may be used. 
Precision calibrating resistances for 
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'MELETRON PRESSURE SWITCH 


How EXACT WEIGHT | #* &44se “masaderee 


because of design simplicity 


@ SMALL and COMPACT 


Scales are used {0 | for easy installation 
| @ EXTREME ACCURACY 


moving and wearing parts are eliminated 


| @ NOT AFFECTED BY VIBRATION 


Ins ect Balance Rods | no liquid switching elements are used 
’ | @ RUGGED and WEATHER RESISTANT 


enclosed in a crouse-hinds case 






@ EASILY ADJUSTABLE 

This pair of Exact Weight SHADOGRAPH Scales by convenient adjusting nut 
is designed for use in the production of connecting @ OPERATES IN ANY POSITION 
rods. Shown above they are making final inspection of | saves installation time 
finished rod for weight distribution. In the forging 
operation, they check wear on dies. In milling, they 
check the amount each end is out of balance and de- 











ae 


ene 5%—+ 
are also incorporated in many modern milling ma- 





termine correct adjustment for milling machine. They | 
} 
| 





chines for completely automatic correction. 

These are a few of the many applications where 
EXACT WEIGHT scales provide the metal working 
industry with methods for inspecting, check-weighing 
and controlling products to predetermined weight spe- 
cifications. Feel free to call on our engineering service 
for help in solving any weighing problem. 








Sales and Service Coast to Coast 








| ‘BARKSDALE VALVES 
LESCAGLWVSHGT OG | mse sermon 


Better quality control cales send FREE operating and engineering data sheets 920-25 
Better cost control 


THE EXACT WEIGHT SCALE COMPANY NAME TITLE 
951 West Fifth Avenue, Columbus 8, Ohio i 


























| 1 

| In Canada: P.O. Box 179, Station S$, Toronto 18, Ont. ; COMPANY , _ 

Please send details on rod balancing scales. | 

Bo ORR RRES SS ke ee | | ADDRESS 

BO Ri i. 2: I oe : 

| EP arian ss avcdaarisvunngcsrarietoeo oes se SONG sicendsnesscsces | CITY ZONE STATE 

Ln cent AED eat SD GED SRD ENED MED CRED SEN LEEDS OD OS ED ERED EEE ND MD al |e FF eT TTT GY 
or more information circle 158 on inquiry card. For more information circle 47 on inquiry card. 
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desig” 
« GASKETS « PACKINGS 


* WASHERS « SEALS « SHIMS 
* BUSHINGS « “O” RINGS 


with 





85 YEARS OF 


AUBURN “KNOW-HOW” 


HAS THE ANSWERS! 


Yes ... over 85 years experience in 
engineering, designing, fabricating and 
production qualifies Auburn to help you 
find the ideal answer to your problem. 
Where gaskets, washers, and other seal- 
ing devices are concerned, Auburn en- 
gineers are tops in the field. Their 
know-how is yours—for the asking. We 
are tooled to fabricate in virtually any 
material: 


Leather * Asbestos * Teflon * Silicone Rubber 
Neoprene * Rubber * Cork © Fibre * Compositions 
Phenolics * Cloth * Felt * Paper * Cardboard 
Plastics * Brass * Steel * Copper * Aluminum 


Kel-F © Other Special Materials 


Send us your specifications or blueprints. 
You'll receive 
quotations, recommendations without obligation. 


<mtaco> 


Sane 
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AUBURN 


MANUFACTURING COMPANY | 


306 Stack St., Middletown, Conn. 


Representatives: Atlanta, Ga.; Detroit, Mich.; St. 
Lovis, Mo.; Los Angeles, Col.; Minneapolis, Minn.; 
Washington, D. C.; Cincinnati, O.; Rochester, N. Y. 


rcle 48 on 
Instruments & Automation—Vol, 28 


For more information inquiry card. 
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multiplying factors from 0.1 to 100 
can be switched in to calibrate bridge 
in microinches/inch.—Allen B. Du 
Mont Laboratories, Inc., 760 Bloom- 
field Avenue, Clifton, N. J. 


For more information circle 243 on inquiry card. 


SPEED, 


Acceleration Pickup 


New “Model 602A” meets require- 
ments of jet aircraft and missile ap- 
plications; features an air-damped 
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spring-mass system “eliminating for 
all practical purposes side acceleration 
effects.”” Damping ratio adjustable be- 
tween 0.1 and 1.0 critical within a 
tolerance of 0.05 critical. Life expect- 
ancy 1,000,000 cycles. Recommended 
for use where total ranges are less 
than 20 G.—Bourns Labs., 6135 Mag- 
nolia Ave., Riverside, Calif. 


For more information circle 244 on inquiry card. 


TIME 





Speed Recorder 


New improved model of maker’s 
“Type R-500” records speeds or pro- 
duction rates and totalizes production 


. 
ame 
~ 
yo 
Ma ane 
. . ‘ 


units on digital counter. Chart may be 
calibrated in rpm., fpm., mph., pieces 
or packages per minute or per hour, 
etc. It is inkless: wax-coated and in- 
scribed with a stylus.—The Electric 
Tachometer Corp., 2218 Vine St., Phil- 
adelphia 3, Pa. 


For more information 





circle 245 on inquiry card. 


Cycle-repeat Timer 


New “Type D494A Meritrol” com- 
bines an automatic-reset electrical 
timer with solenoid valve, pushbutton 





station and signal light, for timed op- 
eration of machines or processes. Once 
desired time has been set, cycles will 
repeat as initiated by pushbutton, 
without further adjustment. Pushbut- 
ton serves an additional function be- 
sides starting: it can be used also as 
an emergency stop, opening circuit to 





solenoid valve for as long as held, 
but not resetting timer.—Emmett Ma- 
chine & Mfg. Inc., 445 E. Turkeyfoot 
Lake Road, Akron 19, Ohio. 


For more information circle 246 on inquiry card. 
Ten-minute Timer 
New ‘Giant 


Timer” for dark- 
room, laboratory, 
factory, etc., has 
8-in. dial for 60 
sec., smaller dial 
for 10 min. Can 
be stopped or 
started without 
resetting to zero; 
has instantaneous 
zero reset button. 
Burke & James, 





321 S. Wabash 
Ave., Chicago 4, 
Til. 
For more information circle 247 on inquiry card. 
Variable-speed Drives 
New line of full-wave “Thy-mo- 


trol” electronic adjustable-speed drives 
feature printed circuitry and a new, 
simplified control system; can be visu- 
ally inspected for circuit faults since 


‘panels are actually current-carrying 


diagrams. New control circuit uses 
one miniature-type control tube (three 
conventional sized tubes in previous 
models). Available in two ratings: 

















% to 1-hp., and 1% to 3-hp. full- 
wave.—Specialty Control Dep’t, Gen- 
eral Electric Co., Schenectady 5, N. Y. 


For more information circle 248 on inquiry card. 


Power Timer 


New “188539 Time Delay Relay” 
provides any delay from % to 6 sec- 
onds for all standard a.c. voltages; 





4316 contro. Line Sonne 
also for d.c. Feature: it combines a 
time delay relay and a contactor; can 
handle motor loads directly. In some 
applications, dynamic braking for a-c. 
motors without a separate d-c. source 
is said to be “economically practical 
for the first time.” —Automatic Switch 
Co., Orange, N. J. 


For more information circle 249 on inquiry card. 


COUNTING, 
COMPUTING 





Heated Closed Counter 


New enclosed electric counter has 
built-in heating element for use where 
dampness and temperature variation 





cause condensation and destructive 
corrosion.—Production Instrument 
Co., 702 W. Jackson Blvd., Chicago 6, 
Ill. 


For more information circle 250 on inquiry card. 


Marking-&-counting Device 


New model of “Mark-N-Count” 
marks, counts, and differentiates be- 
tween marks and counts. It features a 
double-ended stamp containing two 
micro-switches and two stamps (red 
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Brerst H4 714 


Patented Potter Electronic 
Sensing Element utilizes 
frictionless ‘floating rotor’’.. 
is inherently linear for 
sustained accuracy 
over a wide range 
of flow rates. 


@ The Potter Electronic Flow Meter is an entirely new concept of flow meter design, 
already the standard of precision in aeronautical research, where even fractional errors 
can be disastrous. 


Installed at any angle, it measures small or large quantities of acids, caustics, sus- 
pensions, slurries and other hard-to-handle liquids at temperatures to 1200°F and 
pressures to 35,000 psi with + 12% accuracy! Flow is measured in weight or volume 
units via electrical impulses induced by the turbine-type sensing element. 


Potter Flow Meters are simple and economical to install, trouble-free in operation, 
low in maintenance. Complete Potter systems are available with Indicators, Recorders 
and Totalizers (for automatic sequencing of batch operations) or Telemeters. 


Write for Bulletin S-1. 





For more information circle 49 on inquiry card. 
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ALLIED @ LEACH @e GUARDIAN 
MINIATURE AIRCRAFT 
TELEPHONE TYPE and many others 








STEPPING 
SWITCHES * 
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SEND FOR OUR LATEST BULLETINS 
AND ADD YOUR NAME 
TO OUR MAILING LIST 

cable address: UNIGENCOR, N. Y. 








THE NEW 


PYRO 


Surface 
Pyrometer 


PYROMETER 
INSTRUMENT 
COMPANY 


Bergenfield 4, 
New Jersey 


Literature also avail- 
able FREE on PYRO 





The NEW PYRO 
Surface Pyrometer 
has been designed to 
meet all plant and 
laboratory surface 
and sub-surface tem- 
perature measure- 
ments. Has large 
selection of thermo- 
couples and extension 
arms — all inter- 
changeable without 
adjustment. Quick 
acting, accurate, 
light-weight and 
rugged. It features a 
large 4%” direct 
reading scale, auto- 
matic cold end junc- 
tion compensator and 
a shielded steel hous- 
ing—all- combined to 
offer the highest pre- 
cision, accuracy, de- 
pendability and dura- 
bility. Available in 
five standard temper- 
ature ranges from 
0-300°F to 0-1200°F. 





Optical, Indicating, 

Radiation and Im- Ask for Catalog No. 
mersion Pyrometers. 168 for fall details. 
For more information e 51 on inquiry card 
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and black) of porous self-inking type. 
In instrument, counters are identified 
by red or black bands and register 
number of red or black stamps.—The 
May Engineering Co., 6055 Lanker- 


shim Blvd., North Hollywood, Calif. 
For more information circle 251 on inquiry card. 
Digitizer 


New type of 
maker’s “Digi- 
tometer” analog- 
digital rotary 
converter fea- 
tures low shaft 
torque (0.15 oz.- 
in.) in transpos- 
ing rotary motion 
into equivalent 
binary numerical 
notation; has an 
unambiguous output using a reflected 
binary, or Gray Code, of 8 digits. 
Maximum recommended speed 650 
rpm.; specified accuracy maintained 
for over 5,000,000 cycles. Weight 3 
0z.—Electro-Mec Laboratory, Inc., 21- 
09 43rd Ave., Long Island City 1, N. $ 
cle 252 on 
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For more information cir inquiry card, 


Office Computer 


New “Director 600” is said to have 
been “especially designed to meet the 
ever increasing demands for a medi- 
um-priced accounting machine from 
the wide market that seeks a front 
feed carriage and accumulated proof 
total.”—Burroughs Corp., Detroit 32, 
Mich. 

For more nformat n r ¢ 253 rn nauiry ard 


Ten-key Readout 





column “Models 1972 and 


printers; 
1973,” 8- and 10-column printers with 


credit balance accumulator. Pulses 
can be entered into amount solenoids 
at speeds up to 40 milliseconds total 
pulse resolution with 20 milliseconds 
on time.—Clary Multiplier Corp., San 
Gabriel, Calif. 

nformation circle 254 on 


For more inquiry card, 


Digital Indicator 
New “Binary Decimal Converter” 
provides an in-line visual display as 
well as control for machine storage 
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of the decimal numbers; accepts 
binary input in the form of contact 
closures for each binary number in 
range from 2° to 213, Maximum con- 
version time 1 sec. Scale factor control 
enables operator to multiply decimal 
conversion by a constant.—Electro In- 





New ten-key digital read-out ma- struments, 3796 Rosecrans St., San 
chine is available in four basic models: Diego 10, Calif. 
“Models 1902 and 1903,” 8- and 10- For more information circle 255 on inquiry card. 
Uranium 
Detector 


New “Mark II 
Uranium Tester” 
utilizes ultravio- 
let radiation of 
normal sunlight; 
enables prospec- 
tor or lab techni- 
cian to positively 
identify uranium 
in samples. (More 
than thirty radio- 
active minerals 
do not contain 
uranium.) —Men- 
lo Research Lab.., 
Menlo Park, Calif. 
“le 256 on 





For more information cir inquiry card. 


Intensity Indicator 


New “Oak Ridge Linear Count Rate 
Meter” said to contain “probably the 
most advanced circuitry for equipment 








4257 
of this type,” designed by ORNL staff 


of electronic engineers, is built under 
contract, is now available to general 
public; has provision for driving a 
recorder.—Radiation Counter Labs., 
Inc., 5122 W. Grove St., Skokie, Ill. 


For more information circle 257 on inquiry card. 


Count Rate Meter 


New “Model 1620 Analytical Count 
Rate Meter” converts random counts 
from Geiger or scintillation: detector 
into average counting rate and pre- 











sents this average on 4-in. indicator 
calibrated in counts per minute. Six 
ranges up to 100,000 cpm.; individual 
calibration controls for each range; 
master calibration control compensates 
for small shifts. If desired, ‘1620” 
may be connected directly to a chart 
recorder.—Nuclear Instrument and 
Chemical Corp., 229 W. Erie St., Chi- 
cago 10, Ill. 
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Geiger Counter 


New “Mark IV” 
of maker’s Geiger 
counter incorpo- 
rates more than 
twenty improve- 
ments: printed 
wiring for weight 
and bulk reduc- 
tion; radioactiv- 
ity indicated vis- 
ibly on a micro- 
ammeter calibrated in mr/hr., by a 
flashing red neon lamp and by audible 
signals through earphones. Full scale 
sensitivity of 0.2 mr/hr. may be re- 
duced by 1/10th and 1/100th—Menlo 
Research Lab., Menlo Park, Calif. 


circle 259 on inquiry 
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Prospecting Counter 


New “Model GC 235 Prospectom- 
eter,” is a Geiger counter specifically 
designed for uranium and thorium 
prospecting weighs 5% lbs.; features 
watertight directional probe with 
shield for beta-gamma discrimination; 
signals radioactivity in three ways: 
earphone clicks, pointer-and-scale in- 
dication, and flashing neon light. Three 
ranges: 0.2, 2 and 20 mr/hr. Calibra- 
tion chart and calibrating standard.— 
The Radiac Co., Inc., 489 Fifth Ave., 
New York 17, N. Y. 
ircle 260 or 
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Small Survey Meter 


New “Model GS-3 CD” civil defense 
survey meter exceeds CVD-700 specs., 
is said to be smaller in size, lighter 
in weight, and more rugged than any 
similar meter now available; detects 
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60 times per second is the sampling rate 
of each individual transmitter. As many as 40. trans- 
mitters may be used per unit system utilizing a 
single co-axial cable for transmission. Inputs avail- 
able for thermistors, thermocouples, strain ele- 
ments, and transducers for all process variables 


2400 bits of information per second 
(60 x 40) may be transmitted by a single co-axial 
cable to the receiving area. 


Dynamic Visual Display of al! variables 
on one or more kinescopes directly connected \to 
the co-axial cable. In multiple gauging installations, 
all points can either be displayed relatively against 
the normal operating level, or in absolute units 
This opens new areas in the field of dynamic 
analysis, i.e. component frequency amplitudes may 
be simultaneously displayed in vibration analysis 
Scope does not interfere with receiver operation 


Receiver unscrambles 2400 bits of 
information per second into continuous 
signal outputs for each measured variable. Output 
signals are compatible for use with conventional 
indicating and recording instruments. Also digitized 
print-out, data storage, and computing systems. 


Scanning operation is never inter- 
rupted. Annunciator system is fail-safe and is 
provided with individually adjustabl@alarm points, 
each with its own alarm lamp. Indicator permits 
read-out of any point under alarm or normal 
conditions 


es Of indicating, fecording, print-out data 
and computing instruments and systems 


cto 
Orage 


Additional Features: Fail-safe operation — high degree of linearity 
and stabilization against component drifts and tube aging — insensitivity 
to line voltage fluctuations. Unitized plug in construction for flexibility — 
readily JANized for airborne and military applications. 





For specific information applicable to your own 


monitoring requirements, write today. 
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Excess 
Pressure 





Rupture pee’ 


The safety of your pressurized 
equipment and your personnel de- 
pends upon the precision and accur- 
acy of your rupture discs. Baker’s 
long experience in the handling and 
fabrication of metals to minute tol- 
erances is your best assurance of a 
product that will perform to specifi- 
cations. Baker rupture discs are 
available in base metals, and in 
corrosion-resistant precious metals. 
They are made to your order for 
pressures up to thousands of pounds. 


Send for the free book- 
let, ‘Baker Rupture 
Discs.” Information 
and data to help you 
select the type of 
disc that will give 
you absolute, 
protection. 










PRECIOUS 
METALS 








113 ASTOR STREET, NEWARK 5, N. J 
NEW YORK e CHICAGO 
SAN FRANCISCO e LOS ANGELES 
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beta and gamma radiation; has three 
ranges: 0-0.5/5/50 mr./hr.; weighs 
34 lbs. complete with headphone and 
carrying strap—Nuclear Measure- 
ments Corp., 2460 Arlington Ave., In- 
dianapolis 18, ind. 
For more information 
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Gamma Recorder 


New “PRAM-5” recording gamma 
radiation monitor operates on dry cells 
unattended for 200-hour periods. Re- 





corder has 


spring motor; built-in 
alarm warns personnel; splash-proof 
cabinet is easily decontaminated. 


Range 0.1 mr/hr. to 100 r/hr. (up to 
500,000 r/hr. available) .—Jordan 
Electronic Mfg. Co., Inc., 119 E. Union 
st., Pasadena 1, Calif. 

cle 262 on inquiry card, 


For more information 


Scintillation Detector 


New “Models 810 and 810A” bench 
model lead-shielded well-type scintilla- 
tion detectors are available for analy- 
sis of gamma-emitting radioisotopes; 
can be used with a pulse height ana- 
lyzer to form a spectrometer, or with 
scalers for sample counting. Emis- 
sions from single or. mixed sources 
can be ceufited.—Atomic Instrument 
Co., 84 rag agen Ave., Cambridge 
39, Mass. 3 
For more inforn sta rcle 263 on inquiry card 





Pulse-height Analyzer 
for gamma-ray Spectra 


New “Mark 20 Model 1 Recording 
Spectrogammeometer” is for rapid 
identification of nuclides by their 
qualitative spectra 
and for quantita- 
tive analysis of 
isotopic concentra- 
tions. Main compo- 
nents: shielded 
scintillation probe, 
regulated negative- 
power supply, wide- 
range preamplifier, 
linear count-rate 
meter, scaler for 
precision determi- 
nation of check 
points, X-Y record- 
er of relationship 
between counting 
rate and gamma 
ray energy.—Ra- 
diation Counter 
Labs., Inc., 5122 W. 
Grove St., Skokie, 
8 Jil. 
rcle 264 on inquiry card. 


Multiple-tube Counter 


New “Nucliometer,” for radioactiv- 
ity detection where extreme sensitiv- 
ity is required, can be had with either 
24 standard beta-gamma-sensitive 
Geiger tubes or with bismuth-coated- 
cathode Geiger tubes two to five times 
more sensitive to radiation than stand- 
ard Geiger tubes. Announcement 
states that although a scintillation 
counter is more sensitive per unit area 
than a Geiger Counter, “Nucliometer 
is superior for broad area surveying, 
especially from the air. Among fea- 
tures: compensator for the variations 
of background counts in different 
areas; selection of time-constants from 
2 to 16 seconds.—The Radiac Com- 
pany, Inc., 489 Fifth Ave., New York 
- B 
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Germanium Infrared Filter 
“Germanium Infrared Trans- 
mission Filter,” first optical filter 
made from germanium, is 1% in. in 
diameter and % in. thick; ground, 
polished and coated on both sides; 
anti-reflection coated for maximum 
transmission at 2.5 microns; absorbs 
wavelengths shorter than 1.8 microns 
and transmits both near and far in- 
frared regions; is well suited for use 
with lead sulfide detectors——Baird As- 
sociates, Inc., 33 University Rd., Cam- 
bridge 38, Mass. 


For more information c 


New 
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Transits and Alidades 


New models of maker’s transits and 
alidades include features of internal 
focusing which, in ‘combination with 
variable power eyepiece now standard 


iF 
hay nike A, + 
| Ht | J 
hae 
i 2 IVE LEW. 


he NEGATIVE xa LENS 
iXEO TO MAIN TUBE FIXED TO AND MOVES WITH 
INTERNAL S108 


ee 


on maker’s transits, makes possible a 
greater range of magnification than 
was possible with external focusing- 
type instruments. New alidades will 
have a much larger objective lens than 
before, and will allow more light in 
instrument. Maker’s “Telescopic Solar 
Transit” will be available with either 
internal or external focus.—W. & L. E. 
Gurley, Troy, N. Y. 


For more information cir 
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Surveyor’s Transit 


New 3-in. transit has full compass, 
horizontal and vertical 360-deg. cir- 








tripod case and accessories. Instru- 
ment weighs less than 6 lbs.; can be 
used to accuracy of 1 minute. —Path 
Instruments, Inc., 16 Hudson St., New | 
York 18, N. Y. 
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cle, 16X telescope; is complete with | 


M-p. Analyzer 
New “Vanguard Motion Analyzer” 
is a specialized projector for quantita- 
tive analysis of high-speed motion pic- 





The inherent stability of 
























the Heise Gauge movement and the 
tures, also of oscilloscopic recordings, 
etc., to obtain velocities, accelerations, ' SS 
deflections, stresses, etce.—Photo- SS 
graphic Analysis Co., 100 Rock Hill 
ed., Clifton, N. J. 
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elimination of significant hysteresis effect 


in the integrally mounted Bourdon Tube 


I 


give the Heise Gauge its ability to indicate 


. . faithfully the most minute pressure variations. 
Photo Processor 


Sia ia ali Tie Ril aaah ilk: The scientific design of the Heise Bourdon Tube 


versal portable photographic film and | 
paper processing unit. Accepts all | 
conventional sizes of roll films and 
papers up to 12 in. wide; automati- 


section and its weldless construction from 
carefully selected and heat treated metals is an 


exclusive Heise feature. 


“i 


——_ Ss Custom designed to meet your 
—— 
EE specific needs, this gauge will register precisely 


for liquids, gases or mercury. 
Convenient adjustment of the 
dial may be used to compen- 


sate for barometric changes. 





cally develops, fixes and dries. Vari- 
ous models available for electrocardio- 
graph papers, oscillograph papers and 
films, ete.—Oscar Fisher Co., Inc., 


1000 N. Division St., » Peokakill, N.Y. - Pressure Ranges 
Fe et eee eee ae 15 to 20,000 P.S.I. 
Miniature Lamp _ DIAL SIZES 


8) igh ON by ad es 6” 


New miniature lamp to be used for 


on-off indication on “hot” appliances ee 

comprises a small glass bubble sealed PRICES 

around a coiled filament, with two from $151.60 

rigid pins protruding at base; will A 

stand temperatures 30 percent higher * DELIVERY h 

than conventional miniature lamps ’ Reques 
(1060 abs. F. versus 810 abs. F.) within 30 days Catalog on west 


therefore is expected to find wide use : 
o0 A ee Gaal ee, | SE BOURDO NT UB £” COMPA NY, 
= Co., Nela Park, Cleveland 12, | 2 “BROOK oe NEWTOWN, CONNECTIONS, ; 
ice information cissle 271 on inquiry card. =. 
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UNMATCHED ACCURACY | 


at highest 
working pressures 


At pressures up to 2000 psi. 
this Meriam Manometer 
provides critically accurate 
flow or differential pressure 
measurement. Constructed 
of solid bar stock steel, all 
parts are precision fitted, 
hand lapped. Each unit 
is cold hydraulic test- 

* ed to 5000 psi 


Meriam provides 
basic stmplicity... 
and permanent ac- 
curacy in instrumen- 
tation... extending 
to the highest oper- 
ating pressures 


* Heot treated glass 


eld cover 


* Stainless steel back 


ng yelg 


* Ranges to 70 


inches mercury 


Write for Bulletin C-12. 


Mexiam Manometer Lastrumentalion 


far pressures, vacuums, 
flows. lguid level, 


INSTRUMENT COMPANY 
10920: Madison Ave. - Cleveland 2, Ohio 
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Isometric Protractor 


New “No. 1201A” is added to “In- 
strumaster” line of Axonometric draw- 
ing equipment (isometric and dimet- 








ric). Either half may be used for any 
one of the three isometric planes. Cor- 
rect orientation is automatically ob- 
tained. Two sets of numerals: figures 
read directly, which ever side is placed 
on drawing.—John R. Cassell Co. Ine., 
110 W. 42nd St., New York 36, N. Y. 
ee 
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Surveyor’s Level 


New “Tilting Level” allows user to 
observe staff scale and coincident im- 
ages of bubble on spirit level in tele- 
scope, at the same time; incorporates 
a new-style rough-and-fine movement 
tilting micrometer screw, and an easy- 
reading horizontal circle—Path In- 
struments, Inc., 16 Hudson St., New 
Yorke 13, N.Y. 
PRR EE OL 
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Ellipsograph 
New “Model A-140” is said to “draw 
consistently perfect ellipses of any de- 
sired size and degree.’”’ No computa- 
tions necessary; self-calculating charts 
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are provided for every possible ellipse 
situation, “even for isometric ellipses.” 


—Fowler Engineering, 1109 Maple 
St., Whittier 2, Calif. 
ircle 274 on inquiry card. 
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TV Camera 


New “Tel-Eye” is a TV “station” 
the size of a cigar box, which sends 
clear, sharp, closed-circuit TV _ pic- 
tures by cable to screens of standard 
TV receivers, has been completely 
redesigned so that it provides greatly 
improved performance yet is much 
smaller and lighter (8% lbs.) than 
previous models.—Allen B. Du Mont 
Laboratories, Inc., Clifton, N. J. 
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Illumination Kit 


New “Syte-Ayde” enhances accu- 
racy of production and inspection pro- 
cedures, and speeds work, by directing 






light in out-of-the way places. Powered 
by flashlight batteries, “Syte-Ayde” 
provides four light-transmitting rods: 
two straight (3% and 6 in. long) and 
two of the same lengths are bent 90 
deg.; three 1% power mirrors, %, %, 
and 1% in. diam., with clips which 
fit rod ends. All parts are contained 
in separate compartments of a plas- 
tic kit—General Scientific Equipment 
Co., 2700 W. Huntingdon St., Phila- 
delphia 32, Pa. 


For more information 
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Lens Cleaner 


New “Kleer Lens” squeeze-bottle 
lens cleaner is sprayed on and wiped 
off, produces clean sparkling finish 
with no harm to surface.—General 
Cement Mfg. Co., 919 Taylor Ave., 
Rockford, Illinois. 
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Gyro Sight Tester 


New “Model 519 Gun-Bomb-Rocket 
Sight Tester” is designed to test gyro 
computing gun sights and to facilitate 
compilation of data to indicate oper- 
ating characteristics of sight; features 
circuits for opening computer stiff- 
ness and sight head torque motor cir- 
cuits; controlling displacement of tar- 
get index; making characteristic time 
measurements; checking stiffness 
motor current, torque motor voltages; 
and checking excitation frequency and 
currents.—Telectro Industries Corp., 
35-18- 37th St., Long Island City 1, 
Nos 
For nformation circle 278 on inquiry card. 
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LABORATORY 





Electrophoresis Supplies 


Two electronically regulated d-c. 
power supplies for use in electrophore- 
sis have dual-range indicators for 
volts and milliamperes, high-voltage 
control knob, power switch, and high- 
voltage switch. ‘““Model 1901” delivers 
30 ma. in range between 160 and 400 
v.de., sufficient for operating several 
electrophoresis units simultaneously. 
“Model 1910” delivers 100 ma. between 
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CIRCULATION: The /ndex will be sent to 20,000 users 
of instruments and devices for measurement, inspection, 
testing and control. These are the 20,000 most important 
men who buy, install and maintain instrument and con- 
trol devices. 


COMPLETE HORIZONTAL COVERAGE of the men 
who buy and specify instruments and controls in every 
major instrument-using company. The /ndex reaches the 
largest number of potential instrument buyers at lowest 
cost. 


PRODUCTS ADVERTISED are scientific and indus- 
trial instruments; automatic electrical, mechanical, hy- 
draulic, electronic and pneumatic controls; electric and 
electronic instruments; testing machines and devices; 
inspection devices and gages; control valves; relays; 
timers; laboratory and glass apparatus; etc. 


CLOSING DATES: Copy to prepare, all details must 
be in our Pittsburgh Office not later than April Ist. Lay- 
out and copy will be sent to the advertiser for his OK 
and also final proofs. 


I IO aa sai ohn sce acs hod Cain nak casa aph cpt emai estiane May 20th 
BE WG POUT COMUIE OR © 555c5s ose bosenksccesckesavseentessccenciaceves May 25th 
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Advertisers’ Names Boldface in Descriptive Directory : 
Advertisers in the /ndex will have their names in bold- 
face type in the Descriptive Directory Section and refer- 
ence will also be made to the page number (s) on which 
their advertisement (s) appear. This gives to the indi- 
vidual seeking information the two vitally important ele- 
ments of the Index—1. Where he can buy it, and 2. Tech- 
nical data, when he turns to the page to which he is re- 
ferred. 


RATES and Mechanical Requirements: Advertisers 
will be entitled to the rate earned in the 12 regular is- 
sues of /nstruments and Automation or to the rate they 
earn in the /ndex, whichever is most advantageous. Space 
used in the /ndex will not help earn a rate in the regular 
issues of /nstruments and Automation. But the rate earned 
in the regular issues will determine the rate for the /ndex. 


INDEX RATES ARE THE SAME AS REGULAR 
INSTRUMENTS & AUTOMATION PER PAGE RATES 


SSRI ise tccwvessshesd $360.00 NG So kesccccsecces $314.00 
BF BOE Geictenssisercew 354.00 GPRS a iicininces 302.00 
Bove cescnsersies 344.00 9 PERE sccicciicsce SOTO 
A I ios cssncssavncctes 338.00 TF PRON. Siciiciincrcrtns 275.00 


All AAAA Standard Colors: Red, blue, yellow, orange, 
green, $100.00 per page for any one color. Matched colors 
$120.00 per page for any one color. Rates for metallic 
inks quoted on request. Bleed Pages: per page, extra $75.00 


Rates for Complete Inserts: 
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Mechanical Requirements 
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Halftones should be 110 screen. 

Page trim size—8%4” wide x 11%” deep 
Bleed size—8%” wide x 11%” deep 
Actual type measurement inside border. 


INSERTS (Letterpress): Rates for complete inserts 
apply on inserts which are ready for binding when re- 
ceived. Before making plates or ordering printing please 
check with the Pittsburgh Office as to number of pages. 
quantity required, trim size. Maximum acceptable weight 
100 lb. coated, 25 by 38 inch basis, or equivalent. 

REPRINTS: Regular run of book stock will be used 


unless special stock is supplied by the advertiser. For 
reprint costs write Pittsburgh Office. 


INSTRUMENTS PUBLISHING COMPANY 


845 Ridge Ave., Pittsburgh 12, Pa. 
See Page 491 For District Offices and Managers 
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Genisco’s New GOH Accelerometer 


withstands vibrational 
accelerations of 
15 G’s up to 2000 eps 





l l 
PHYSICAL DIMENSIONS | 
l OVERALL HEIGHT ...... 3Y,"* I 
] OVERALLWIDTH. . 2... 3%" | 
| Cras Oe. sw cs ee 33/,"* | 
ieee ee ade . » 38 OUNCES 
Hermetically sealed . 


This newest Genisco Accelerometer is a 
rugged, oiled-damped, potentiometer-type 
instrument designed to operate in the most 
severe missile and aircraft vibrational envi- 
ronment. For example, in a recent produc- 
tion test the GOH performed satisfactorily 
after vibrational environment of 15 G’s up to 
2000 cps. As further proof of its ruggedness, 
the GOH will withstand 40-G shocks of 5 
millisecond duration on the sensitive axis, 
and steady-state accelerations of 30 G’s on 
the non-sensitive axes and 10 G’s on the sen- 
sitive axis without damage. 


HEATING ELEMENT AVAILABLE — A thermo- 
stat-controlled, internal heater may be 
installed in the GOH to keep operating char- 
acteristics constant between —50° F. and 
+160° F. However, thermostat operation is 
limited to 60,000 feet or less, 95% relative 
humidity at 160° F., and a vibrational en- 
vironment of 10 G’s up to 500 cps. 


SPECIFICATIONS 


Ranges: + 1G to +3 G's inclusive. 

Natural Frequencies: 7 cps to 12 cps. 

Nominal Damping: 0.65 of critical at 75° F. 
Values between 0.4 to 1 set if desired. 

Resistance: 14000 ohms (+ 5%); center 
tap at 0 G-point. Other resistances 
also supplied. 

Potentiometer Voltage: Up to 60 volts. 

Resolution: One part in 300 for standard 
potentiometer. 

Noise Levels: Less than 10 mv at 0.1 ma 
brush contact. 

Linearity: Within 1% of full scale from best 
straight line through calibration points. 
Complete technical data on the GOH and other 
Genisco Accelerometers and Pressure Transducers is 


available from Genisco, Incorporated, 2233 Federal 
Avenue, Los Angeles 64, California. Write for your 


copy today. 
: RELIABILITY FIRST 





INCORPORATED 


*“? 
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| NEW INSTRUMENTS 


50 and 400 v.de. and 30 ma. up to 600 
| v.de. for simultaneous operation of up 
| to 10 electrophoresis units.—Research 
Specialties Co., 1148 Walnut St., Ber- 
keley 7, Calif. 


| For more information circle 279 on inquiry card. 


Water Demineralizer 


New “Model DM-1,” 
for use in industrial 
and school laboratories, 
features completely au- 
tomatic operation. Stor- 
age tank holds 4 gal. 
of treated water ready 
for use; faucet rate 1 
gal./min.; no waiting: 
tank refills and shuts 
off during periods be- 
tween use; unique split 
column design permits 
all of resin to be used 
without waste yet 
maintains maximum 
purity at approx. 6 
megohms/cm?, — Scien- 
tific Equipment Corp., 
5438 Lowell Ave., In- 
dianapolis, Ind. 

For more information circle 280 on inquiry card. 








Distilled Water Heater 


New 1% -gal. 
650-watt heater 
keeps hot distilled 
water on tap for 
instant use at any 
predetermined 
temperature by 
means of an ad- 
justable thermo- 
stat; available 
for 110 or 220 
volts.—Barnstead 
Still & Sterilizer 
Co., 244 Lanes- 
ville Terrace, 
Forest Hills, Bos- 
ton 31, Mass. 
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Surface Tensiometer 


New “Model T- 
30” measures sur- 
face tension of 
liquids over a 
wide temperature 
range, uses ex- 
tremely minute 
(0.02ml.) sample. 
Closed chamber 
construction per- 
mits surface ten- 
sion to be meas- 
ured in any de- 
sired gas. Prin- 
ciple: measuring 
maximum pres- 
sure attainable 
inside a small 
bubble (formed 
over an orifice: no 
corrections for 
hydrostatic head of liquid.) —National 
Instrument Laboratories, Inc., 6108 
Rhode Island Ave., Riverdale, Md. 
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Carbon Residue Apparatus 


Newly redesigned “Ramsbottom 
Carbon Residue Apparatus” conforms 
to latest ASTM D 524. Test tempera- 
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ture now can be held to within 5 F. 
Precision Scientific Co., 3737 W. 
Cortland St., Chicago 47, Ill. 
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Flash-point Tester 


New “Automatic Loading Rack 
Flash Point Tester” checks flash points 
of distillate fuel shipments in delivery 
or at terminals, tanker wharves, etc.; 





can be operated by truck driver or 
loader; correlates with ASTM D 56 
but does not require lab installation 
or skilled operator.—Precision Scien- 
tific Co., 3737 W. Cortland St., Chi- 
cago 47, Jil. 


For more information circle 284 on inquiry card. 


High-capacity Chlorinator 


New improved model of high-ca- 
pacity solution feed type chlorinator 
has six metering tube and float com- 
binations (interchangeable) to pro- 
vide 10-to-1 or greater overlapping 
flow ranges from 100 to 8,000 pounds 
per day of chlorine gas. In addition 
to manual chlorine flow-rate adjust- 
ment, available automatic functions: 
(1) Automatic proportioning by pneu- 
matic signal from flowmeter; (2) au- 
tomatic proportioning by link to a 
float in a flume, weir or tank; (3) re- 
mote pneumatic set; (4) program con- 
trolled operation; (5) timer sequence 
control; (6) automatic pump sequence 
control; (7) automatic start-stop con- 
trol.—Fischer & Porter Co., 296 Jack- 
sonville Rd., Hatboro, Penna. 

For more information circle 285 on inquiry card. 








openings approaching atomic dimen- 


sions, can be used to separate large ‘ ogee I a 
: .. oe ie 4) 


molecules from small ones (can sep- 


arate hemoglobin molecules from salt = EW 
molecules present in plasma).—The ze] | Ey 3 


Emil Greiner Co., 20-26 N. Moore St., 


Molecular Filter 
eae MERLE : 
New biochemical molecular filter has = - m 
ug TL] 





New York 13, N. Y. 
For more information circle 286 on 


Ultraviolet Source 
New improved “Mineralight” com- 
prises a “Model SL 3660” long-wave 
“Mineralight” for a-c. operation, and 
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a 6-volt adapter for use with a port- 
able “hot shot” battery or other 6-v. 
source.—Ultra-Violet Products, Inc., 
145 Pasadena Ave., South Pasadena, 
Calif. 


For re information rcle 287 on inquiry rd . 
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TESTING, INSPECTION 


Bench Comparator 


New “STD-5” 
is for measure- 
ments utilizing 
any AGD design 
mechanical indi- 
cator or air-probe 
type of gaging 
equipment; fea- 
tures system of u 
superfine adjust- 
ment with 0.040 
range. Column 
can be mounted 
under platen.— 

Acra-ment Gage 
Div., Myer Corp., 
Park Ave., Cran- 
ston, R. I. 

rcle 288 on 





WITH NEW 
“INSTRUMENT-TYPE”’ - 
CONSTRUCTION. . 


LOOK inside the new Universal PANALARM ‘‘50". You will 
realize that here, at last, is an annunciator system built for 
long term dependability and service.. Built to match the re- 





‘sponsibility an annunciator must assume in your plant. 
The PANALARM ‘'50” Cabinet has a substantial hinged 
door . . . with sub-door to allow easy access to signal lamps. 


Cylindrical Surface 
Roughness Pickup 
New “Type RF Cylinder Pilotor” is 
for taking “Profilometer” roughness 
measurements around outside or in- 


It has a new, rugged chassis design . . . pre-wired to handle 
any standard audio-visual signal requirement . . . and so flexi- 
ble that signal sequences can be changed by simple terminal 
connections. No re-wiring is needed. 

All moving parts and contacts of the PANALARM ‘'50"’ are 
within hermetically sealed, plug-in units. They are corrosion-proof 
and suitable for Class |, Div. 2 locations. All connections are made 
to a single terminal block . . . with ample space for wiring. 


SEND FOR COMPLETE 40-PAGE MANUAL 


Ask for Catalog 100-1 


PANALARM PRODUCTS. INC. | 


1405 N. Hamlin Ave., Skokie, Ilinols 











DAVIS 


a complete line of 


GAS 
ANALYSIS 
SYSTEMS 


operating by catalytic com- 

bustion, electro-conductivity, 

thermal conductivity, and 
photochemical reactions. 


Continuous 
ELECTRO- 
CONDUCTIVITY 
GAS ANALYZER 


aly )i gases 


Continuous 
COMBUSTIBLE 
GAS ALARM 
SYSTEM 


+ 


PHOTOCHEMICAL 
OXYGEN 
ANALYZER 


easurle 


measurement 


without in 





Send for Bulletin 11-40 


INSTRUMENT 


DIVISION 


DAVIS INSTRUMENTS 
80 Halleck St., Newark 4, N. J. 
Progressive Manufacturers of 
Gas Analysis Instruments 
natior rcle 59 on inquiry card. 
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side circumference of solid or hollow 
cylindrical pieces. Roughness meas- 
urement is made by a “Type LA 
Tracer,” supported by a “Linkarm” 
and remaining stationary while work- 
piece rotates—Micrometrical Mfg. 
Co., 345 S. Main St., Ann Arbor, Mich. 
For more information circle 289 on inquiry card 


Spring Testers 


New “Type 4000” (15-lb.) and 
“Type 5000” (50-lb.) rapidly test ten- 
sion, compression or leaf springs; are 
also recommended for checking force 


required to engage or disengage mat- 
ing sub-assemblies and components. 
—Pennsylvania Scale Co., Bareville, 
Penna. 

For more information circle 290 on 


Small-parts Inspector 


New “Model 144 B-53” semi-auto- 
matic sorting gage measures small 
curved parts and sorts them into six 


4375 


good categories, plus oversize and un- 
dersize, at rate of approx. 2,500 pieces 
an hour, depending upon dexterity of 
operator.—Federal Products Corp., 
1144 Eddy St., Providence 1, R. I. 


For more information circle 291 on inquiry card. 


Ball-bearing Raceways 
Roughness Pickup 
New race-groove “Pilotor” accom- 
modates inner and outer races of 
CENTER OF ROTATION & CENTER 


TRACER OF CURVATURE 


TRACER POINT 








TRACER BEAM 


>2 


— OSCILLATING WORKPIECE 


4 


bearings from 5/16 in. to 1 in. O.D. 
Workpiece is held in an adapter on a 
horizontal spindle that reverses auto- 


matically at ends of desired arc trace. 
—Micrometrical Development Corp., 
2821 S. State St., Ann Arbor, Mich. 

n circle 292 inquiry card 


For more informatic 


Surface-finish Pickups 


Six new accessories adapt “Surfind- 
icator” for special applications; pro- 
vide (with general-purpose ‘Pickup 
Model BL-111” plus “Motor Drive 
Model BL-114’’) methods of measuring 
surface roughness to include nearly 
every purpose related to this field. (1) 
small bore adapter “Model BL-113,” 
(2) chisel stylus adapter ‘Model BL- 
130,” (3) minimum clearance adapter 
“Model BL-131,” (4) hole bottom 
adapter “Model BL-132,” (5) rough 
finish adapter ‘Model BL-133,” (6) 
hand-held small bore adapter ‘‘Model 
BL-134.”—Brush Electronics Co., 3405 
Perkins Ave., Cleveland 14, Ohio. 

For more information circle 293 on inquiry card 


; 
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Automatic Inspector and Classifier for Piston Pins 


New “Model 144 B-32 Electronic 
Sorting Gage” measures hardness, 
length, out-of-roundness, OD, and 
taper of automotive piston pins; sorts 





them at rate of 4000 per hour.—F'ed- 
eral Products Corp., 1144 Eddy St., 
Providence 1, R. I. 


For more information circle 294 on inquiry 





Square Gage Blocks 


New square gage blocks supplement 
maker’s line of rectangular blocks and 


rat 


nes 


gaging equipment; feature exception- 
ally fine finish for easy wringability 
and long life-—The DoALL Co., Des 
Plaines, Illinois. 

For more information circle 295 on inquiry card. 


Gage-block Accessories 


New accessories have been developed 
especially for use with all of maker’s 
new standard square gage blocks; per- 
mit great flexibility in constructing 


ee sail 
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everyday working gages from these 
new blocks; include all necessary parts 
for fastening blocks together as well 
as special gaging members and bases 
for constructing gages for specific ap- 
plications —The DoALL Co., Des 
Plaines, Illinois. 

For more information circle 296 on inquiry card. 


Standard-block Gages 


New caliper gages (illustrated) and 
indicating gages, all of highest preci- 
sion, for inside (illustrated) and out- 


ner vees, for 
<< pins 
‘> 
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side dimensions, are constructed from 
maker’s new standard square gage 
blocks and special new parts.—The 
DoALL Co., Des Plaines, Illinois. 


For more information circle 297 on inquiry card 


Dial Caliper 


New “Dial-Cal” is said to be “the 
first and only caliper to replace ver- 
nier scales with a direct-reading dial, 
permitting instant calibration to thou- 
sandths of an inch.” It can measure 
ID, OD, knife-edge (for recesses), and 
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HOW CHACE THERMOSTATIC BIMETAL 
ACTUATES THE 
BAKE-WELL OVEN THERMOMETER 


Product of the Cooper 
Thermometer Co. 
Pequabuck, Connecticut 





In the twenty years the 
Bake-Well Portable Oven 
Thermometer has been 
its effi- 


cient performance and 


manufactured, 





low cost have established its popularity in millions of 
homes in this country and abroad. Although most 
cooking appliances and stoves are now made with 
integral automatic controls, the housewife still regards 


an on-the-spot heat indicator as more accurate. 


A coil of Chace Thermostatic Bimetal furnishes the 
thermally responsive element which actuates this 
simple device. One end of the coil is anchored to 
the frame of the thermometer. The other end of the 
coil is fastened to a pointer. Temperatures in excess 
of 100°F. cause the bimetal coil to expand, rotating 
the pointer to register the correct temperature on 
dial. The Chace Thermostatic Bimetal coil is accurately 
calibrated at the factory to insure positive tempera- 


ture indication over many years of dependable service. 


Chace Thermostatic Bimetal is available in 29 different 
types, in strip, coils or in completely fabricated assem- 
blies made to customer specifications. Send now for 
our new, free 36-page booklet, “Successful Applica- 
tions of Chace Thermostatic Bimetal,” containing valu- 
able engineering information for designers of thermally 


responsive devices. 


Fe PS ee 
Theunostalic Bimetal 
1609 BEARD AVE., DETROIT 9, MICH. 


cle 60 on inquiry card. 
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Simplifies Your 
Instrumentation 
with this NEW 
Expandable 
Consolette Recorder 
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a 2 Channel System 


rr ee 


Add units, as you need them, to make 
a 4, 6 or 8 Channel System. 


The Consolette gives you rack 
mounted dimensions with option of 
Direct Coupled, Condenser Coupled 
or Carrier Amplifiers; a wide variety 
of chart speeds and galvanometer 
types; full writing desk for review 
of intelligence; and an efficient, 
modern and beautifully designed 
instrument, 


THE 207 MAIN STREET 


COMPANY 
WORCESTER, MASS. 
LAAN AE 8 Tinta he mien te 


THE EDIN COMPANY 
207 Main St., Dept. §, Worcester 8, Mass. 
Gentlemen: 

Send complete information on [] the 
new Edin Consolette [] Recording Instru- 
ments [] Companion Amplifiers. 


Name 





No. Street 
City 


Position....... 


sonanneaane eneeseoend 


on reer reece eeeeee 


sre information circle 61 on inquiry card. 
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depth. Six-inch capacity.—Precision 
Tool Sales, 417 East Florence Ave., 
Los Angeles 3, Calif. 


For more information circle 298 on inquiry card. 


Granite Angle Plate 


New black granite angle plate, for 
use with “Microflat” granite surface 
plates and layout plates, facilitates 


clamping of tools and fixtures; can 
be used for inspection or assembly ap- 
plications.—Collins Microflat Co., 2326 
E. 8th St., Los Angeles 21, Calif. 


For more information circle 299 on inquiry card. 


Motor Tester 


New “Incremental Motor Test Unit” 
tests 8 stepping or incremental motors 
at a time, for any desired duration, 
at 10 or 15 pulses per second. If any 
motor misses one pulse or step, this 
fault is continuously displayed on 
“Failure Indicator” though motor con- 
tinues to operate. “Phase Indicator” 
is used for initial phasing and also 
indicates that motor is operating.— 
Cal-Tronics Corp., 11307 Hindry Ave., 
Los Angeles 45, Calif. 
or t e 300 on inquiry card. 


For more information cir 


Vibration Tester 


New “68” electrodynamic shaker 
system for vibration-testing assem- 
blies and components can develop 100 
Ibs. peak force output in 40 to 3000 





Dynamometer Tester 


New “Portable Dynamometer Con- 
trol Console,” providing centralized 
control facilities for either laboratory 
or production dynamic testing of en- 
gines, transmissions, etc., can include 
electrical and electronic circuits to 
provide automatic cycling or sequenc- 
ing of test procedures. Standard in- 
strumentation includes measurement 
and control of temperatures, flows, 
ete.; recording of rpm. and test cycles 
and hours; overload and overspeed 
protection, ete.—Control Engineering 
Co. 8900 Alpine Ave., Detroit 4, Mich. 


For more information circle 304 on inquiry card. 


cps. frequency range, and displace- 
ment amplitudes in excess of 0.4 in. 
peak-to-peak in 5 to 40 eps. range. 
New flexure system insures truly lin- 
ear motion of armature. New built-in 
calibrated velocity signal generator 
monitors amplitude—The Calidyne 
Co., 120 Cross St., Winchester, Mass. 


For more information circle 301 on inquiry card. 


Leveling Mirror 


New Vertical 

Leveling Mirror, 

for use in optical 

tooling, has mir- 

ror automatically 

positioned in a 

vertical plane and 

mounted on a 

base provided 

with leveling 

screws; is insen- 

sitive to air cur- 

rents, tempera- 

ture changes, 

static field, mag- 

netism, etc. Auto-reflection and auto- 

collimation available from either side 

of mirror assembly.—Farrand Optical 

Co., Inc., Bronx Blvd., & E. 238th St., 
New York 70, N. Y. 


For more information circle 302 on inquiry card. 


Snubber-type Grips 


New snubber type grips for tensile 
strength tests of wire up to 0.06 in. 
diam. are designed to minimize or pre- 
vent breaks at grips and thus permit 
breaks to occur within free length of 
wire specimens.—Baldwin-Lima-Ham- 
ilton Corporation, Philadelphia 42, Pa. 
ircle 303 on inquiry card. 


For more information 


Salt Spray Chamber 


New salt spray (fog) test chamber, 
interior dimensions of 48 x 48 x 48 in., 
meets QQM-15l-a, MIL-1572, ete. 

















4353 


Main chamber is_ water-jacketed; 
chamber temperature is controlled by 
thermostat in circulating water line; 
spray air is warmed and humidified by 
bubbling-tower; salt solution reservoir 
provides for more than 60 hours. Vari- 
ous instrumentation extras are avail- 
able-—Development Engineering Co., 
9 Cross St., Norwalk, Conn. 


For more information circle 305 on inquiry card. 


Roll Grease Tester 


Newly redesigned “Roll Tester for 
Greases” provides many new features 
in order to conform with both Shell 
Rolling Stability Test and Amend- 





ment 2, MIL-G-10924 (ORD). Among 
new features: temperature control 
from room to 175 F. with accuracy of 
approx. 1 F.; speeds of 10 and 160 
rpm.—Precision Scientific Co., 3737 
W. Cortland St., Chicago 47, Ill. 


For more information circle 306 on inquiry card. 


Industrial X-ray Unit 


New 160 kvp portable x-ray unit 
for industrial radiography can x-ray 
2 in. of steel; comprises a 120-lb tube 
unit and a 60-lb. control unit; oper- 
ates on 110 and 220 v. independent of 
separate transformers. Focal spot in 
rugged x-ray tube is 1.5 mm., insuring 




















N HW 
Cmold, 0. Bockman 


MODEL F3 
OXYGEN ANALYZER 


ne 


with the meter on the door 


New convenience has been built into the well- 
known F3 Oxygen Analyzer...a meter on the door 
provides readings at the sampling point for making cali- 
bration checks, process changes, etc. In fact, complete 
analyzing, calibrating and indicating components are now 
incorporated into the single F3 unit—at no extra cost! 


Use The Model F3 
ON OPERATIONS LIKE THESE...TO MAKE SAVINGS LIKE THESE 


oe ee 


< 
COM BUSTION Higher combustion efficiencies , 


Boilers, Kilns, Direct-Fired Heaters, at lower fuel costs 
Stills, etc. 


PROCESSING 


Air Liquifraction ... Processing Buta- 
diene, Acetylene and Similar Gases 


PLANT SAFETY 


Hydrogenation, Hydrofining, Gas Com- 
pressors, Sulfur Grinding, etc. 


Unique Operating Principle 


The various applications highlighted above are only a 
few of the many ways Arnold O. Beckman Oxygen Ana- 
lyzers—industry’s great new profit builders—are being 
used by progressive operators to boost profits, cut costs. 

These are the on/y oxygen analyzers that continuously 
measure process streams by an advanced magnetic prin- 
ciple that provides direct physical measurement of the 
oxygen itself—not of some secondary relationship. 

Heart of the unit, as illustrated, is a dumbbell-shaped 
test body suspended in a magnetic field. Sample gas sur- 
rounding this test body causes it to rotate in the field, 
depending upon the oxygen content of the gas. The move- 
ment of a light beam, reflected by a small mirror on the 
test body, is measured by simple electronic circuits... 
and the result indicated directly on a conventional re- 
corder or indicator. It’s simple, positive, accurate! 


No chemicals — filaments —catalysts 
cams—complicated mechanical parts! 














Better product quality with 
minimum oxygen or air con- 
tamination 





Control explosive atmospheres, 
reduce fire risks, minimize 
plant and personnel hazards 











CEA 
AMPLIFYING 
g BALANCING 





Send for Helpful Free Literature which describes this 
unique operating principle in detail—explains its many ad- 
licati When writing, outline your par- 





vantages and app 
ticular operations—we'll gladly supply specific information. 
Ask For Data File 166-45 


Unnold, 0. Bockman 


FEATURES OF THE F3 


Many Ranges: Full scale ranges of 
0-5% ,0-10% , 0-15% O2and higher. 
Accuracy: 1% of full scale. 


Multi-Ran; me Soy etrenent eens 1020 MISSION STREET 





supplied with or more ranges. 
Sites Ser eines emmnten dies SOUTH PASADENA, CALIFORNIA 
0-5% O:2 ask a the Model G2. 
For more information circle 62 on inquiry card. 
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NEW amd. froved 


Precision 
Temperature 
elslancl Miele 


HALLIKAINEN 
Resistotrol 


—- 


. 





Typical Thermometer Bulbs 


— 


F.. precision temperature control of 
baths, ovens, kilns, dryers and plas- 
tic extrusion presses, the Halli- 
kainen Resistotrol has a sensitivity 
between “on and off’’ of 0.005 de- 
grees F. 

The Resistotrol operates on the prin- 
ciple that a change in temperature 
governs the resistance of a wire 
wound resistance type. temperature 
bulb, which is one leg of an AC 
Wheatstone Bridge. This resistance 
change produces an unbalanced volt- 
age across the bridge that is further 
amplified by a resistance coupled 
amplifier. This amplified voltage is 
used as bias voltage for a thyratron 
relay tube which operates an en- 
closed mercury switch controlling 
the heater power 


REPRESENTATIVES: 
Write us about 
territories still 
open. Give full 

details. 


olor Alarm © Thermometer Calibration 

© Hydrogen Analyzer © Radio- 
logical Gas Analyzer © Alkylation Acid 
Analyzer @ and other analytical instru- 
ments Jor continuous process 


4 iIKAINEN 
pealutmeerels 


Industrial and Scientific 


1341 Seventh Street, Berkeley, Calif. 


ma 


sail a a ath ie oe bia 2g 
: tion circle 63 on inquiry card. 
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sharp definition in radiographs.—Hol- 
ger Andreasen, Inc., 703 Market St., 
San Francisco 3, Calif. 


For more information circle 307 on inquiry card. 


Portable Hardness Tester 


light- 
(26-lb.) 


New 

weight 

Brinell hardness 

tester features 

removable test 

head making it 

possible to test 

parts of any size 

or shape; can be 

used in any posi- 

tion, even upside 

down, with or 

without base. 

1000-kg. maxi- 

er mum load; 5-mm. 

4229 «and 10-mm. balls. 

(Where a small impression is desira- 

ble, a 5-mm. ball with a 750-kg. load 

will cover same hardness range as a 

10-mm. ball and 3000-kg. load.) —An- 

drew King, 67 E. Lancaster Ave., Ard- 

more, Penna. 

For more information circle 308 on 


Extensometer 


New “Model P-101MS” non-averag- 
ing screw-on separable “Microformer” 
type extensometer is for use on %-in. 


4320 


wide flat specimens 0.005 to 0.250 in. 
thick with 2-in. gage length. Bald- 
win-Lima-Hamilton Corporation, Phil- 
adelphia 42, Pa. 


For more information 


circle 309 on inquiry card 


Ultrasonic Analyzer 


New Ultrasonic Attenuation Ana- 
lyzer employs a transducer to beam a 
short ultrasonic signal through mate- 
rial being inspected, and obtains in- 
formation from return pulses: (1) 
attenuation of signal, (2) its charac- 
teristic velocity and (3) shape of re- 


flected pulses. This information, dis- 
played on cathode-ray tube, instantly 
reveals discrepancies between work- 
piece and comparison standard.—Vi- 
bro-Ceramics Corp., Metuchen, N. J. 

cle 310 on inquiry card 


For more information 


Gamma-ray Sets 


New “Gamma Rays Machines” pen- 
etrate steel plate up to 8 in. thick; 
utilize radioactive isotopes to produce 


x-ray-type pictures of heavy industrial 
products; provide high degree of op- 
erator safety. “Model A” weighs 47 
Ibs., can be carried; “Models B and 
C” can be rolled on shop floors.— 
Gamma Industries, Inc., P. O. Box 
2271, Baton Rouge, La. 

For more information circle 311 on 


300-lb. Proving Ring 


New proving ring is of entirely new 
turnbuckle type: In addition to read- 
ing tensile or compression loads, it can 


be employed to apply a tensile load by 
simply taking up on turnbuckle forks 
at opposite sides (desirable in many 
test set-ups whre there is no room for 
normal loading devices).—W. C. Dil- 
lon & Co., Inc., P. O. Box 3008, Van 
Nuys, Calif. 


For more information 


e 312 on 


Mobile X-ray Unit 


New “X-tron 180,” for complete cir- 
cumferential x-ray of weldments, etc., 
contains a transformer and x-ray tube 
and a high-voltage generator that de- 
livers 180 kv. and 10 ma. continuously; 








will penetrate 2% in. of steel and a 
pipe line greater than 12 in. diam.; 
can be placed in center of a ring of 
castings so that they all can be x- 
rayed at one time. All parts are of 
American make and can easily be re- 
placed.—Mitchell Radiation Products 
Corp., 128 E. Washington St., Norris- 
town, Pa. 

For more information circle 313 on inquiry card. 


ELECTRICAL, ELEC- 
TRONIC INSTRUMENTS 





Resistor-sorting Bridge 

New “Type 32” can measure 7500 
resistors per hour; “memory” retains 
reading until signalled that action has 





3917 


been taken. Range 1 ohm to 30 meg- 
ohms. Six-digit counter can register 
either high or low units.—Barnes De- 
velopment Co., 213 W. Baltimore Pike, 
Landsdowne, Penna. 

For more information circle 314 on inquiry card. 


Watthour-meter-testing 
Photoelectric Equipment 


New photoelectric equipment for 
testing watthour meters is available 
in portable and switchboard models, 
incorporates a smaller cadmium sul- 
phide cell having higher sensitivity: 
3/64 in. diam. and mounted on a 
5/32-in. diam. tube. Using new meter 
tester for anti-creep hole method, 
sensitive cell and light source can be 
set from 3 to 4 feet apart, permitting 
many meters to be tested without 
adjusting cell and light source be- 
tween tests.—General Electric Co., 40 
Federal St., West Lynn 3, Mass. 


For more information circle 315 on inquiry card 


Insulation Tester 


New “Hi-Pot Model A” automatical- 
ly tests, in sequence, dielectric strength 
between any ten conductors and indi- 
cates location of breakdown when it 








Tachometer Feedback 


with Instrument Servo Motors 




















and NOW, aDIEHL Instrument Servo Motor and Integ- 
rally-Mounted Alternating Current Tachometer- 
5 Generator assures stability in a Servo loop. De- 
signed for simple and easy mounting and can 
readily be adjusted after installation so that the 
in-phase residual voltage is essentially zero. A 
t high impedance control-phase winding is avail- 
able for plate to plate operation. 57’2/57” volt 
control-phase windings can be provided for mag- 
netic amplifier applications. Diehl Motor-Tach- 
ometer combinations are obtainable with Gear 
Reducers in 5 different ratios. Attractively priced 
for commercial applications. 
ao MOTOR RATINGS TACHOMETER SPECIFICATIONS \ 
1, 5 and 10 watts output Input (volts) 115 
GEAR REDUCTION RATIOS ; 
191.1 to 1 Frequency (cycles) 60 j 
pons Z Output (volts per 1000 RPM) 5.5 ; 
a — = : Linearity 1% } 











Our engineering staff will gladly help you select the equipment 
best suited to your requirements. A request on your letterhead 
will bring you a copy of Technical Manual No. IN-455 
describing Diehl Servo Motors and related equipment. 





For 


I Other Available Components: 
{/ mm D.C. SERVO SETS ©@ RESOLVERS 
/ piel | MINIATURE PERMANENT MAGNET D.C. MOTORS 


DIEHL MANUFACTURING COMPANY 


of THE SINGER MANUFACTURING ( 


Ele 1 5 
Finderne Plant, SOMERVILLE N J 


more information circle 64 on inquiry card 
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NEW _ INSTRUMENTS TV Package Laboratory 


New inexpensive video-signal moni- 

tor, primarily for use in TV broad- 

occurs. Test interval can be accurately casting, is made available by “pack- 
controllable to 120 sec.; applied volt- aging” maker’s “Type 325 TV Line 
age continuously variable to 2000. Selector” and “Type 327” CRO, both 
Can be used for production testing of just developed. Line Selector is oper- 
slip rings, commutators, cable con- ated by three controls which enable 
nectors, synchros, etc.; can be sup- operator to count down to any par- 
plied with more than ten test posi- ticular horizontal line, serrated or 
tions.—/ndustrial Test Equipment Co., equalizing pulse of a composite TV 
55 E. 11th St., New York 3, N. Y. signal, at which point it produces a 
For more information circle 316 on inquiry card. synchronizing signal to trigger CRO 





and display signal from selected point. 
Any portion of composite video signal 
= , ish ete a colette eons nc ane can thus be examined. “Type 327” 
CRO is a medium-frequency medium- 
Reflection-coefficients Plotter priced instrument designed primarily 
to fill gap resulting from industry 
New “Z-g Diagraph” instantane- obviates laborious measurements and trend to concentrate on LF or HF 
ously plots, by means of a light spot, calculations. Charts: (1) reading di- instruments.—Instrument Div., Allen 
complex impedances and admittances rectly in terms of reflection coefficient, “ abrcanesc Labe., Clifton, N. J. 
directly on a Smith or similar chart; (2) standard Smith chart, (3) chart more information circle 318 on inquiry card. 
calibrated to give unknown impedance 
in a of oe and phase 
angle, (4) an expanded portion of cen- , ~ = 
ter of Smith chart; also a chart for Tube-tester Chart 
transmission characteristics of four- New “No. 625-04 Tube Tester Roll 
terminal networks such as filters and Chart” contains hundreds of listings 
attenuators. Two models: “ZDU,” 30 of latest tubes; is printed on a 6-ft.- 
to 300 Mc., and “ZDD,” 300 to 2400 long continuous sheet of durable pa- 
Mc., both have characteristic impe- per.—Electronic Instrument Co., 84 
dance of 50 ohms.—Instrument Div., Withers St., Brooklyn 11, N. Y. 
Federal Telephone & Radio Co., Clif- For more information circle 880 on inquiry card. 
ton, N. J. 


For more n 
Circuit Tester 


New Universal Continuity Meter 
will not damage delicate components 
or expensive instruments; differenti- 
ates between legs of high-current fila- 
ment circuits; indicates sources of 





SIMPLYTROL AUTOMATIC PYROMETER 


Barcols 
BARBER 


i} Cmall Motors 


now with new, improved gear reduction : js -75° to 3000°F. 
for radial thrust and overhanging loads | * a 


10 temperature 





Several special 


ranges to -400°F. 


Cat. No. 4531 0/2500° F 
Price $132.00 


Thermocouple type Automatic Pyrometer for controlling tem- 
perature in furnaces, ovens, and processes. The Simplytrol 
is economical and reliable with few moving parts. There are 
no vacuum tubes. The regular load relay is S.P.D.T. 5 Amps. 
Optional heavy duty relays to 40 Amps. 

10 temperature ranges cover from —75° to 3000° F. Several 
special ranges to —400° F. “On & Off” control for holding 
the desired temperature works on gas, oil or electric heat. 
Indicating meter-relay is medium high resistance and has 


’ ; y ty or in a double-plate : ° ° ° . 
Siete. a Tamenlle,, GH GPENG ES, SNS SRRNS SHOU ni Seam bimetal cold junction compensation. For use with all stand- 
assembly for extra ruggedness, quietness, and dependability. Heavy duty gear d th A 2% 
and output shaft. Helical pinion and first gear provide quiet operation ar ermocouples. ccuracy °. 


Sintered bronze bearings lubricated by extra large oil wicks. In gear ratios | “Avuto-Limit’ switch changes Simplytrol from automatic con- 

from 4:1 to 30,000:1. Starting torques up to 75 Ib-in. Choice of synchro- troller to limit pyrometer for safety shut down or warning. 
- h idi ional ; ; hronous reversible . . 

eee en cn ace oa Cabinet: 612x6%x912 inches. Also flush panel mount models. 

Send for new Bulletin G-7 for more data. Assembly Prod- 


ucts, Inc., Chesterland 10, Ohio. 
Barber-Colman Company Dept.P,1215 Rock St.,Rockford, II. | E "See =o ab £28. Goal. Westword tte, Phocakz, 4/26, 29" 


For more information circle 65 on inquiry card. For more information circle 66 on inquiry card. 
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mowrs. High torque to inertia ratio of reversible motors is ideal for servo- 
mechanisms. Write for illustrated Bulletin F-6841 on Barcol DYAZ Motors. 























trouble in switches, relay contacts and 
connectors; locates incomplete electri- 
cal bonding and detects unsoldered 
and “cold” soldered connections; can 
be operated by inexperienced person- 
nel.—Amelco, Inc., Dept. 27, 2040 
&: eleredo Ave., Santa Monica, Calif. 


For more information circle 320 on inquiry card. 


Transformer Test Set 


New “METH 2” portable trans- 
former test set employing differential 
method measures ratio and angle er- 


rors of current transformers with 
secondary rated currents of 1 to 10 
amps plus 20 percent and of potential 
transformers with secondary rated 
voltages from 46 to 140 v., at fre- 
quencies from 16% to 60 cps.—Hart- 
mann & Braun AG, Frankfurt am 
Main West 13, Germany. 

ion circle 321 on in 


For more informat quiry card. 


Expanded-scale Voltmeter 


New “Model 101” covers 100-500-v. 
range in 39 easy-to-read steps. Ac- 
curacy better than 0.25 percent. Fre- 


quency response uniform between 50 
and 2000 cps. Connections for continu- 
ous recording of line voltage fluctua- 


tions with a 1-ma. d-c. recorder.— 
Shasta Div., Beckman Instruments, 
Inc., 14382 Nevlin Ave., Richmond, 


Calif. 


For more information circle 322 on inquiry card. 





Picture-tube Tester 


New “Model 590” provides a com- 
plete test of the quality of a TV pic- 
ture tube; places an actual raster on 
face of picture tube; tests tubes under 
actual operating conditions; has defi- 
nite and accurate rejection limits; 
measures light output with a photo- 


















Wheeleo 
Control Center 


BARBER 


COLMAN 

























Brings automation to heat treating! 





This specially engineered Wheelco Control Center provides 





complete instrumentation necessary for fully automatic heat- 





treating of oil well drill bits. Temperatures and heating cycles 






of carburizing, hardening, and drawing furnaces are precisely 






controlled from the central panel. Continuous, 24-hour process 







is completely mechanized. Wheelco Instruments simplify servic- 





provide maximum standardization and interchangeabil- 





ae 
ity of “plug-in” components... 





assure dependability needed for 









continuous-flow, low-cost heat-treating. Let Wheelco’s Instru- 





ment Engineering Service recommend profit-saving solutions to 






your special control problems. 
















WHEELCO INSTRUMENTS DIVISION 


BARBER-COLMAN COMPANY, DEPT. P, 1515 ROCK ST., ROCKFORD, ILLINOIS 
BARBER-COLMAN OF CANADA, LTD., DEPT. O, TORONTO, ONTARIO, CANADA 


Industrial instruments * Automatic Controls¢Air Distribution Products* Aircraft Controlse Small Motors 
Overdoors and Operators* Molded Products* Metal Cutting Tools* Machine Tools* Textile Machinery 


information circle 67 on inqu 
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CUT DESIGN TIME 


WITH 


PLUG-IN 
UNITS 


FOR COMMERCIAL 
AND MILITARY 
APPLICATIONS 


FLIP-FLOP PLUG-IN TYPE Z-90048 
(0 to 1 Megacycle) 
EECO plug-in circuitry reduces engineering 
—design and production time...cuts costs 
and performs with the highest degree of 
reliability. The Z-90048 flip-flop (shown 
above) is a typical high speed bi-stable mul- 
tividrator designed for counting and fre- 
quency division applications. Binary operation 
ranges from 0 to above 1 megacycle. The 
11 pin base increases flexibility, so that 
binary counting, counting employing feed- 
back, and re-setting may be readily accom- 
plished. Output of one Z-90048 will drive a 
similar following unit without amplification. 


 EECO ETCHED CIRCUITRY 
FLIP-FLOP PLUG-IN UNIT Z-91000 


‘Here is another reliable EECO plug-in unit - 
... the Z-91000 Flip-Flop utilizing etched 
circuitry. 

_ This is a medium speed bi-stable multivi- 
brator circuit for applications in counting, 
frequency division, switching and time selec- 
tion. Units are wired for linear binary or 
feedback counting applications. 


Write for other Technical Data 
on Complete Line of EECO 
Standard Plug-in Units and 

Custom Engineered Circuitry 


EEC@ PRODUCTION COMPANY 


827 South Vermont Avenue Los Angeles 5, Calif 


a subsidiary of 


electronic engineering company of california 


n circle 68 on in 


Instruments & Automation 


juiry card 


Vol. 28 


NEW 


INSTRUMENTS 








‘osed | SB Cpen 


cell; also serves as picture tube re- 
juvenator.—The Hickok Electrical In- 


strument Co., 10528 Dupont Ave., 
Cleveland 8, Ohio. 
For more information circle 323 on inquiry card. 


L-f. Q Indicator 


New design of maker’s “Type 1030- 
A Low Frequency Q Indicator” ex- 
tends accuracy of Q measurement 





through low audio and upper super- 
sonic frequency range.—F reed Trans- 
former Co., Inc., 1715 Weirfield St., 
Brooklyn 27, N. Y. 
For 


more information cir 


High-insulation Testers 


New “Tera-Ohmmeters” are avail- 
able for ranges from 0.2 megohm to 
500 teraohms (500 x 101° ohms); 








4169 


are produced by R. Jahre (West Ger- 
many). Test samples can be measured 
grounded, ungrounded or with guard- 
ring electrodes. Operation is from line 
or self-contained batteries. Measure- 
ments are made to ASTM standards. 
—Instrument Div., Federal Telephone 
and Radio Co., Clifton, N. J. 

ircle 325 on inquiry card. 


For more information ci 


Transistor Tester 
New n-p-n or p-n-p junction tran- 
sistor tester incorporates direct read- 
ing calibration by a single knob ad- 





14) 
YW 5 
justment; conversion from beta to 
alpha values by means of a simple 
table or curve (both supplied with 
unit); is suited for production lines, 
labs, and service establishments. Test 
frequency of 270 cps. is used by most 
transistor manufacturers and meets 
military specs—Devenco Ine., 150 
Broadway, New York 38, N. Y. 
rcle 326 on inquiry card. 


For more information 


Insulation Test Set 


New “Model 405A” rated 0-5000 
v.a.c. completes line of “Hypot Jun- 
iors,” features continuously variable 


416 

output voltage, current-limiting high 
reactance transformer, a neon “break- 
down” lamp to indicate arcing or 
corona in test circuit, a neon “leak- 
age” lamp to indicate excessive cur- 
rent flow, grounds and short circuits, 
and kilovoltmeter connected directly 
across output. Input is 115 v.a.c. 60 
cps.—Associated Research, Inc., 3766 
W. Belmont Ave., Chicago 18, Ill. 

| 


ore information circle 327 on inquiry card. 





VTVM 


New “Model 982” self-contained 
vacuum tube voltmeter is adaptable 
where requirements of peak-to-peak 
measurements exclude use of conven- 
tional instruments; is battery-operat- 
ed; is completely isolated from spur- 








fy REPO: Oe TS 











THE VALVE THAT 


CONQUERS | 


FLAK HIN Better Control, oom Lower 
CONDENSATES In ial and Mainte ance Costs 


¢ Eliminates special construction 
br ¢ Eliminates liners 
/ » Minimizes downstream piping erosion 
¢ Eliminates cavitation 
¢ No welded-in seat rings 


Use Annin Valves—automatic, remote 
operated cylinder, and manual valves—for 
flashing condensates at all pressures and 
temperatures. 


WI 
4 
VALVES 





tai ee : FANNIN. & 
wrererny eed | etl cll Unt 








- WRITE TODAY FOR ILLUSTRATED CATALOG 1500 B 
| THE ANNIN COMPANY 
— 6570 E. Telegraph Road, Los Angeles 22, California 


juiry card. 


April 1955—Instruments & Automation—Page 571 














. +. any moving metal object 


“AUTOMATES” YOUR OPERATION 
or ACTUATES INSTRUMENTS 


through these 


ELECTRO PICK-UPS 


. .. Without contact or “loading” 


PROXIMITY 
PICK-UP SYSTEM 





Ideal for use where ac- 


tuating object 


slowly. A high fre- 
quency carrier-operated 
transducer that 
on a principle like that 
of a military mine de- 
A constant am- 
5 volts is 
produced when any 
mass is 
brought near the pick- 


tector. 
plitude of 


metallic 


moves 


works 





Model 
4900 


up. Output voltage is independent of 
the speed of the actuating object. Volt- 
age can be amplified to do mechanical 
work synchronized with the exciting ob- 
ject or fed to a measuring or counting 


instrument. 








Produce AC voltage pro- 
portionate to rate of mo- 
tion of any magnetic 
metal object traveling 3” 
per second or faster. 


MAGNETIC PICK-UPS 
3010-A 








as 


~ Model 3015 


For use where space is 
limited—same speed ra- 
tio characteristic as the 
3010-A ...up to 25% of 
its output. 


Electro Pick-ups are actuating synchronized au- 
tomatic operations in many industries—send to- 
day tor details of how they can work for you! 


( 


Name 


ELECTRO PRODUCTS 


LABORATORIES 
Dept. 1A-4, 4501 Ravenswood, Chicago 40, Ill. 





Address. 





City 





_Zone 


___ State. 


Canada: Atlos Radie Corp., Ltd., Toronto 


baum C90 
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ious response due to stray a-c. fields 
and circulating ground currents. Peak 
to peak measurement with an input 
impedance of 10 megohms shunted 
by only 15 micromicrofarads prevents 
circuit loading —Weston Electrical 
Instrument Corp., Newark 5, N. J. 

For more information circle 328 on inquiry ca 


Impedance Bridge 
New “Model 250-DA” is for 
resistance, 
dissipation 


meas- 
capacitance, 
factors, and 


urement of 
inductance, 





4156 
storage factors; operates from a.c. 
line; uses carefully stabilized capaci- 
tance standard adjusted to better than 
0.15 percent. Operating limits 0.1 mil- 
liohm to 12 megohms in 8 ranges, 0.1 
uuf. to 1200 uf. in 7 ranges, 0.1 mic- 
rohenry to 1200 henrys in 7 ranges, 
0.001 to 1.0 for dissipation factor, and 
0.02 to 1000 for storage factor. Im- 
pedance measurements are extreme 
precision. Electro-Measurements, 
Inc., 4312 S. E. Stark St., Portland 
15, Ore. 

ile alicia matior 329 


Pocket Volt-ohmmeter 


New ‘‘Model 
355 Midgetester,” 
said to be the 
world’s smallest 
practical VOM, 
has 14 measure- 
ment ranges, 10,- 
000 ohms per volt 
sensitivity on 
both ac. and dc.; 
features 0.1-ma. 
self-shielded 
movement.— 
Simpson Electric § 
Co., 5200 W. Kin- 
zie St., Chicago 44, 





Til. 
© 330 


Simulator Instruments 


New complete line of simulator in- 
struments is for computer manufac- 
turers, aircraft design groups studying 
flight performance, radar trainer de- 
signers, etc. Though designed to simu- 
late aicraft instruments, they are 
readily adaptable for use in other ap- 
plications; are actuated by computer 
output or other electrical means; are 
of 60-cps., 400-cps. and d-c. designs. 
Link Aviation, Inc., Binghampton, 
| he 
F r 331 on inquiry card 





MAE 


Digital Voltmeter 


New digital d-c. voltmeter reads 


from 000 to 999, calibrated as volts, 
millivolts, etc. Multiple ranges avail- 
able, and both positive and negative 
may be 


voltages measured. More 





than 20 readings per second are possi- 
ble. Principle: converting voltage lev- 
els to time intervals, and indicating 
time as counts. A standard cell is 
used as internal reference. Standardi- 
zation is continuous; no manual stand- 
ardization necessary.—Delaware 
Products Co., 811 Broadway, Camden 
SN. d: 

F 332 or juiry card 


Oscilloscope 


New “Type 324” is said to be the 
first commercial CRO with complete 
precision calibration and extremely 
high sensitivity, that enables observa- 





tion and measurement in microvolt 
region without pre-amplification. Fre- 
quency response is flat from dc. to 
300 ke., depending on sensitivity range. 
Both driven and recurrent sweeps 
available with automatic beam-bright- 
ening.—Jnstrument Div., Allen B. Du 
Mont Laboratories, Inc., Clifton, N. J. 
For more information circle 333 on inquiry card. 


r 


Rack-mount Oscilloscope 
with D-c. Amplifiers 


New “Model 670R” has d-c. ampli- 
fiers for excellent square wave re- 
sponse even down to d-c. Among other 
features: wide-band vertical ampli- 
fiers, push-pull amplifiers, polarity 

















reversing switches, horizontal atten- 
uator and Z-axis (intensity modula- 
tion post) on front panel. Recurrent 
linear sweep 3 to 50,000 cps.—The 
Hickok Electrical Instrument Co., 
10519 Dupont Ave., Cleveland 8, Ohio. 
For more information circle 334 on inquiry card 


Ratio Meter 


New panel instrument indicates 
ratio of two direct currents, up to 50 
ma. in either coil; will accurately in- 


iS 18s 
Ie/t, 
CURRENT RATIO 


EDISON - 


2 
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dicate a ratio on an input of 2 ma. 
minimum. Scale tolerances are based 
on angular tolerance of 1 deg.—Jn- 
strument Div., Thomas A. Edison Inc., 
West Orange, N. J. 

For more information circle 335 on inquiry card. 


Differential Voltmeter 


New “Model 800 Differential Vac- 
uum Tube Voltmeter” is a 0-500-v. 
potentiometer (using a Standard 





ene 


Cell); better than 0.1 percent accu- 
racy; resolution 10 mv. over entire 
range and read directly off last dec- 
ade. Zero-center VT VM serves as both 
null indicator and calibrated deviation 
meter. Input resistance infinite at 
null and 2000 megohms/v. of input 
when 0.005 v. off null.—John Fluke 
Mfg. Co., Inc., 1111 W. Nickerson St., 
Seattle 99, Wash. 

For more information rcle 336 on inquiry card 


Voltage-ratio Standard 


New “Model 592 Standard Voltage 
Ratio Comparator” is used for setting 
accurate voltage ratios, both a-c. and 
d-c., by means of an accurately cali- 
brated voltage-divider network and a 
zero-center microammeter. It measures 
ratios from 1:1 to 10,000:1 with ac- 
curacy of 0.01 percent, in range of 
+150 to -150 v.de.; compares voltages 
across 120 v.ac. 350-cps. source; can 
be supplied to compare a-c. voltage 





TEKTOR Keens Hershey Chocolate 
from Overflo wing Open Tank 












How to keep a 90,000 pound open milk chocolate storage tank 
from overflowing was the problem faced by the Hershey Choco- 
late Corporation. 


Hershey Engineers found a solution by installing a Fielden 
TEKTOR High-Level Indicator Controller and Probe. Now, when 
chocolate level rises to 4 or 5 inches from the tank lip, this 
simple but dependable instrument flashes and sounds a warning 
so that the inflow of chocolate can be stopped. 


Why TEKTOR Level Control is YOUR Solution 


e Indicates or controls level of e No moving parts .. . only one e Low first cost low operat- 
fluids, powders, solids (con- radio tube ing cost 
ducting or non-conducting e Regular plant personnel can 


e Electronically controls level as maintain it 
close as 1/16” 
e A ready-to-install unit 


Probe rsd 







MUU Usssyyyys 
LLL fh 


A TEKTOR probe is installed vertically and its electrical capacity 
changes when chocolate level is 4 or 5 inches from the lip of the 
tank. This de-energizes the Indicator relay and switches on the 
warning light and alarm. 





Indicator 


Send this coupon today, and find out how 
Fielden Simplified Instrumentation can solve 
your process control problems accurately 
and economically 














| | 
| FIELDEN INSTRUMENT DIVISION 
: 2920 N. Fourth St., Dept. A, Philadelphia 33, Pa. 

Please send me bulletins about your low-cost, accurate controls. | 
[_] TEKTOR Level Control Resistance Thermometer Recorder | 
| [_] Electronic Temperature Control | Proximity Meter 
NAME TITLE 1 
| COMPANY ADDRESS | 
Lo a sate | 
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5000 GALVANOMETER LENSES are being polished at one time on a special Houston 








Technical Laboratories device on the precision optical components production line. 


HTL mass production means better galvanometer optics! 


... custom made... delivered promptly! 


You get the advantage of mass production prices 
and prompt delivery when you order custom made 
galvanometer mirrors and lenses from Houston 
Technical Laboratories — the world’s largest com- 
mercial producer of precision galvanometer optical 
components. Mass production methods have en- 
abled HTL to develop important exclusive features 
and to maintain unusually high quality standards 
at competitive prices. 


Miraloy — an exclusive HTL mirror coating — is but 
one of the advantages you get when you specify HTL gal- 
vanometer mirrors. With reflectivity approximating that of 
pure aluminum, Miraloy provides a tard, corrosion and 
heat resistant surface — far superior to all other standard 
coatings. 


4 -FIFTY 
wi he 


veg A SUBSIDIARY OF T 


2424 BRANARD -e 
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E 


HOUSTON 6, TEXAS, U.S.A. ¢ 


square-cut edges on all HTL galvanometer mirrors 
make possible firm, dependable mounting by the saddle 
technique. Precise diamond cutting eliminates irregular 
edges regardless of mirror size or shape. 


prompt delivery is still another important HTL ad- 
vantage. Mass production ag yore ag assure delivery of 
galvanometer mirrors within 3 weeks of your order. 
custom made to exact specifications, HTL galva- 
nometer mirrors are produced in flat, spherical, or cylindri- 
cal shapes and in sizes as small as 0.0025” in thickness 
and 0.010” in length and width. Thickness tolerance can 
be held to 0.0002”, and the length and width tolerance to 
0.0005”. Galvanometer lenses are produced to your desired 
specifications. 

low unit cost, resulting from HTL’s unique mass pro- 
duction techniques, is still another important reason for 
sending your specifications to Houston Technical Labora- 
tories. HTL galvanometer mirrors and lenses, superior in 
quality, are priced surprisingly low. 


For further information about HTL precision optics, write for Bulletin No. 0-101 


* | ? 
WHE’ HOUSTON TECHNICAL 


LABORATORIES 


YAS INGTR M R F RATED 


CABLE: HOULAB 
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ratios at any frequency. Unit weighs 
25 lbs.; requires external power 
sources.—Telectro Industries Corp., 
35-18 37th St., Long Island City 1, 
ING 2s 

For more information circle 337 


Combination Phasemeter 


New “Type 250a Precision Phase 
Detector’ measures time delay, phase 
delay, or envelope delay with error 





less than 1 percent or 0.1 deg. between 
two alternating voltages from 10 ke. 
to 15 Me. Smallest time delay readable 


on dial is 5 & 10°19 sec.; smallest 
phase angle 5 « 10719 x 360 x fre- 
quency in cps.—Advance Electronics 
Co., Inc., 451 Highland Ave., Passaic, 
. eee & 


For more information circle 338 on inquiry card 


Signal Tracer 


New “Model 147 Deluxe Multi-sig- 
nal Tracer,” available in both kit and 
wired form, provides facilities for RF, 
IF and audio signal tracing and 
trouble-shooting in AM, FM and TV 
sets.—Electronic Instrument Co., 84 
Withers St., Brooklyn 11, N. Y. 

For more information circle 339 on inquiry card. 





Sweep Generator 
New “Type 240-A” multi-purpose 
precise signal source can be used as a 
single-frequency source, an AM signal 





4325 


generator, a sweep frequency signal 
generator with frequency deviation 
variable over a wide range (4.5 to 120 
Mc.) and a sweep frequency signal 
generator with frequency identifying 
marks. Single frequency output can 
be calibrated against internal crystal 
controlled frequencies.—Boonton Ra- 
dio Corp., Boonton, N. J. 


For more information circle 340 on inquiry card. 


X-band VSWR Indicator 


New “Model 110B X-Band VSWR 
Measuring System” has speed and ac- 
curacy of earlier models, plus added 





attenuation scale and new VSWR 
scales reading from 1.02 to 1.20 and 
1.1 to 2.50.—Color Television 
1017 E. San Carlos Ave., San Carlos, 
Calif. 


VOM Kit 

New “Knight” 
20,000 ohm/volt 
VOM kit features 
an improved cir- 
cuit and careful 
placement of 
parts to assure 


struction. Nine- 


teen ranges: 6 
d-c. voltage 
6 a-c. voltage 


ranges 0 to 5000; 
3 resistance 
ranges 0 to 200 megohms; and 4 di- 
rect current ranges 0 to 10 amps. Sup- 
plied with 4-ft. test leads and instruc- 
tions.—Allied Radio Corp., 100 N. 
Western Ave., Chicago 80, Ill. 

For more informatior rcle 342 on inquir 





Dial Drives 
New synchronous-motor drive unit 
is available for “Types 907 and 908” 
precision gear-drive dials (also avail- 





4186 


able as separate units). Two models 
are available, with output speeds at 
driving pinion of 4 rpm. and 30 rpm. 
respectively. Motor characteristics are 
such that drive reverses itself when- 
ever a stop is encountered.—General 
Radio Co., Cambridge 39, Mass. 


For more information circle 343 on inquiry card. 


Inc., | 


simplicity of con- | 








temperature 


controlled 
linear 
accelerometers 


The usefulness of Statham 


unbonded resistance strain 
gage accelerometers has been 
further extended by special 
temperature control packaging 
which ensures that dynamic 

as well as static characteristics 
remain constant despite tem- 
perature variations such as are 
encountered in flight applica- 
tions. 

Operation through the ambi- 
ent temperature range —65° 
F. to +120° F. is afforded by 
means of an electrical heater 
jacket with a peak power input 
of approximately 20 to 30 watts. 
Depicted is the Model Al7 
accelerometer which is offered 
in ranges from +lg to + 15g. 
Other temperature controlled 
models cover ranges from 
+0.5g to + 15g. 






Please pode t 
Catalog Bulletin 
No, AT-1, 
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STRIP CHART 


ZlectnanikK 


Controllers - 


... preferred for applications that require 
highly detailed records on 11-inch-wide 
charts covering weeks of operation. Con- 
trol point can be set to desired value with 
high precision. Automatic standardization 
on all potentiometer models. Supplied 
with or without integral by-pass. 


Haneyswell 





CIRCULAR CHART 


Zlectnanik 


Controllers 


. .. provide high accuracy and high read- 
ability of the indicated value. 12-inch 
circular charts are convenient size for fil- 
ing. Push-button standardization on po- 
tentiometer models. Available with or 
without integral by-pass panel. 





Air-O-Line 
CONTROL UNIT 


. capable of handling practically any 
control problem, with proportional action 
and automatic reset. Proportional band 
width is adjustable up to 150%. Liquid 
reset system needs no volume or capacity 
tanks . . . provides linear reset rate. Reset 
action continues as long as the pen is off 
the set point. Rate action may be added 
when required. The complete unit is 
sealed, interchangeable, readily adjust- 
able. Simple, sturdy design assures reliable 





operation. 








esign for extra precision 


and flexibility — 
use ZLlectnunK instruments 


with Air-O-Line control 


HENEVER a process calls for air-actuated control, here’s an unbeatable 

\ \ combination that fills the bill as no other can .. . ElectroniK 
instruments with Air-O-Line control. In these controllers are joined the 
speed, precision and dependability of ElectroniK measurement, plus the 
flexibility and sensitivity of the Air-O-Line control system. 


Versatile ElectroniK instruments are applicable to an almost unlimited 
variety of variables—temperature, flow, pH, chemical composition, liquid 
level, weight of solids. With their Air-O-Line system, they provide the 
peak in performance as individual controllers or in cascade circuits. 


In every detail, these controllers are engineered with the instrument man 
in mind. Air gages and adjustment dials are spotted for maximum 
convenience. Every component is precision-made, with plenty of reserve 
strength built in to assure long, trouble-free service . . . and assembled‘into 
a compact unit in which all parts are available for easy inspection 

and maintenance. 


Compare the features of these controllers . . . and you’ll see why quality- 
conscious and economy-conscious designers choose them for so many vital 
process responsibilities. For a discussion of how you can use them in 

your own applications, call your local Honeywell sales engineer . . . 

he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 
Wayne and Windrim Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


@ REFERENCE DATA: Write for Catalog 1531, “ElectroniK Controllers.” 


a 
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Decade Capacitors 

» New “Dekapacitors” represent a 
ts completely new type, feature excep- 
tional stability, high accuracy, and 





CROFLEX TIMERS 


iy ~~ 


OFFER MORE 


FLEXIBL 
COMM 


| low dissipation factors through use of 
| polystyrene capacitors and precision 
structural components. Any incremen- 
tal capacitance value can be selected 
throughout 0 to 1 microfarad range 
within 1 percent accuracy by new 
style Dekadial.’—Electro-Measure- 
ments, Inc., 4312 S. E. Stark St., Port- 
land 15, Ore. 


For more information circle 344 on inquiry card. 





FM Frequency Divider 

New “FM-5” extends frequency 
measuring range of “FM-3” or “AM- 
1” down to 50 ke. and frequency gen- 











Are your machines adaptable 
to different jobs — some requir- 
ing seconds — others requiring 
minutes? 


The Microflex Timer with its 
micrometer accuracy and large, 
easy to read, wide range dial, 
makes this variation easily and 
quickly adjustable. erating range down to 200 ke. with 
no loss of accuracy; measures and 
generates up to 20 Mc. with ~~, 
j i i ous coverage. It comprises two tunec 
The Microflex we designed for frequency dividers in cascade, each 
outstanding ruggedness and dividing by ten.—Gertsch — 
ilj Inc., 11846 Mississippi Ave., Los An- 
dependability. Take advantage kes Coal. 
of the outstanding features of For more information circle 348 on inquiry card. 
this timer for your processing Capacitor Box 


machines. New ‘‘Model 
: 1120 Capacitor 
Substitution 


Write for FREE BOOKLET a “- Box,” available in 


pe a ' both kit and fac- 

See What Timing Can Do For You” “SF tory-wired form, 

jen i enables rapid sub- 

stitution of a wide 

range of RETMA 

capacitance val- 

ues in an operat- 

ing circuit to de- 

termine value 

needed for opti- 

mum perform- 

ance; also helps 

find value of bad- 

ly damaged or otherwise illegible ca- 

pacitors. Range 0.0001 to 0.22 uf.; 

most capacitors rated at 600 v., lowest 

rating 400 v.—Electronic Instrument 

Co., Inc., 84 Withers St., Brooklyn 
MN. Y. 


For more information circle 346 on inquiry card, 
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Marker-generator 


New “Ultra-Marker,” for use with 
a sweeping oscillator, develops a ’scope 
display marker signal at all UHF 
sound and picture frequencies cov- 
ered by an associated sweeping oscil- 
lator. Switching system eliminates all 
but every fourth set of channel mark- 
ers. Complete with regulated power 
supply. All controls front-panel lo- 
cated—Kay Electric Co., 14 Maple 
Ave., Pine Brook, N. J. 


For more information circle 347 on inquiry card. | 






Helicoid Gages 
























K-Band RF. Heads 


New “K-Band R.F. Heads,” cover- 
ing microwave spectrum from 12,400 
to 40,000 Me. are complete microwave 
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tuning units, were specifically de- 
signed for use with maker’s “SA25 
Microwave Spectrum Analyzer,” but 
earlier models of this analyzer, as well 
as other analyzers, can be modified or Fe 
adapted to use new these assemblies. 

—Vectron, Inc., 386 Main St., Wal- 


tham 54, Mase. Use Gages ? Does sustained accuracy 


For more information circle 348 on inquiry card. 


POWER SUPPLIES for over 75,000,000 cycles ; 
sae eee (at 1200 pulsations per minute) 
New “Model EF,” for sisi, and interest you ? 


testing of electronic equipment, has 
a-c. hum or ripple less than 1 percent 



































at 5 amps.; provides a continuously- @ It’s the basic design of HELICOID Gages 
variable source for voltages from 0 
to 14 and 0 to 28. Current and volt- that makes them outlast and out-perform 
age are indicated on d’Arsonval-type : 7 i j . 
instruments. Weight 28 lbs.—Electro ordinary uae tooth gages. This enduring on arg 
Product Labs., 4503 N. Ravenswood, accuracy is evidenced by the smooth rota- 
. mcngo _ ves pM tion of simple spiral roller and cam. 
or more information circle C nquiry card, : i 
If you use gages it will pay you to investi- 
300-amp. Supply gate HELIcoIp performance records. There 
New “Model No. MR2232-300” tube- is a HELicorp long-life gage to meet every 
less magnetic-amplifier-regulated pow- type of pressure indicating requirement. 
er supply is rated at 22-32 v.de., 300 ° 
amp.; operates from 230/460 volt 3 Ranges are to 20,000 p.s.i. and vacuum or 
phase 60-cps. ac. input with 10 per- compound. Wall or stem 
cent tolerance on input voltage. Floor- a mounting cases— 
mounted cabinet dimensions 30 x 25% Write today for flush panel or 
x 72 in.; weight 500 lbs—Perkin En- Helicoid G-2 Catalog flangeless cases. 





gineering Corp., 345 Kansas St., El 
Segundo, Calif. 
For more information circle 350 on inquiry card. 





Helicoid Gage Division 


Regulated Power Supply an AMERICAN CHAIN & CABLE 


New “Model 312” is a combination 
d-c. and a-c. line regulated power 
supply, suited for life testing racks, 
computers, etc., where low heat dissi- 



























For more information circle 76 
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The Formica Company Uses 


ei ahaa * 
‘ 


= 


In the Formica Company’s Evendale, Ohio, plant are four large 
high-vacuum vessels used for the impregnation of basic raw 
material with resins and varnish. These substances are, of 
course, even more volatile in a partial vacuum than at atmospheric 
pressure, and a single spark could set them off. 

To protect each vessel from explosive destruction in case ignition 
of its contents does occur, an 8-inch BS&B SAFETY HEAD is 
utilized. This SAFETY HEAD acts as a controlled weak spot in 
the vessel, and would fail safely, with minimum danger from fire, 
at a lower pressure than the vessel itself. 

Future plans of the Formica Company call for additional resin 
processing vessels, and they too will be protected with BS&B 
SAFETY HEADS! 

If you aren’t already using BS&B SAFETY HEADS in your plant 
to safely handle pressure relief problems, we’d suggest you get 
in touch with your nearest BS&B Representative without delay. 
Or, write for Catalog and full information...no obligation! 






For Better Regulation of Pressures, Temperatures, 
Liquid Levels or Flow, Equip Your Process 
with BS&B AUTOMATIC CONTROLS! 


THE “CIRCUIT-BREAKER” OF os — LACK, 
IVALLS & 
Oy, si? 

MER Casts of paosvet peaoth RYSON P INC. 


Safety Head Division, Dept. 2-V4 
7500 East 12th Street 
Kansas City 26, Missouri 


ation circle 77 on inquiry card. 
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pation, no warm-up time, long life, and 
stable operation are basic require- 
ments. Output continuously variable 
0-3/30/300 v.de. in three ranges, or 
0-130 v.ac. Output current 250 ma. 
de. or 1 amp. ac.—Electronic Research 
Associates, Inc., Caldwell, N. J. 

For more informat e 351 


Industrial Rectifiers 


New selenium rectifi- 
ers have a power factor 
of 97 percent; d-c. rip- 
ple of approx. 4 percent. 
Any number may be 
paralleled. Available in 
many models for every 
industrial application. 
No moving parts. Over- 
size components used 
throughout; copper bus 
bars operate at low cur- 
rent density.— Walker 
Div., Norma-Hoffman 
Bearings Corp., Stamford, Conn. 

For more information circle 352 on inaquir 





Mag.-amp. D-c. Supply 


New “EM-28-1B” tubeless magnetic- 
amplifier-regulated d-c power supply, 
developed for airborne applications, is 
equally adapted to lab use to operate 
strain gages and instruments requir- 
ing precise regulation and low ripple. 
Size 12 by 7 by 9 in. (same space as 
battery it replaces). Delivers continu- 
ously 0 to 1.5 amps.; voltage range of 
28 to 32 v.de. Recovery time is better 
than 0.2 sec. under worst conditions. 
Engineered Magnetics, 11812 Teale 
St., Culver City, Calif. 
ae re information rcle 353 


30-watt Hv. Supply 


New “Encapsulated High-voltage 
Power Supply,” suitable for aircr ‘t 
installations, meets MIL-E-5400; | >- 
erates from 115 v.ac. 400-cycle source; 
delivers 5.1 kv. at 7.5 ma. as well as 
6.3 v.ac. at 1.5 amp. and 6.3 v.ac. at 
0.5 amp.; will operate over range of 
-62 C. (-80 F.) to 85 C. (185 F.); 
weighs less than 6% Ilbs.—Telectro 
Industries Corp., 38-18 37th St., Long 
Island City 1, N. Y. 

For more information circle 354 on inquiry card 


Battery Charger 


New manifold battery charger can 
charge one to five 24-v. aircraft bat- 
teries, one to ten 12-v. batteries, etc. 
Height 21 in., can be wall mounted; 
has built-in fuse protection, ammeter, 
voltmeter, and current control from 
trickle to maximum charging.—The 
Electronic Rectifier Co., Rochester, 
N. Y 
For more information circle 355 on inquiry card, 


D-c. Power Supply 


New “MagniVolt” non-electronic 
regulated selenium rectifier provides 
5 to 30 amps., 4 to 30 v. de. Regula- 
tion 1 percent from no-load to full- 
load with line voltage variation of 
100 to 125; response 0.2 second under 
extreme load conditions; ripple 1 per- 
cent rms. (also available with 0.1 
percent). Incorporates two indicating 








instruments, standard a-c. input 
switch, fuse, pilot light, input and 
output posts.—I/net, Div. Leach Corp., 
4441 Santa Fe Ave., Los Angeles 54, 
Calif. 


e 356 


AMPLIFIERS 


Magnetic Amplifiers 


New “Ultra-Fast Magnetic Ampli- 
fiers” feature (for first time in a 
magnetic amplifier) speed of response 
independent of number of stages of 
amplification; are 3-stage amplifiers 
in which input and output phase oc- 
cur during the same half cycle of 
power supply. Reduction of series 
major loop lag permits use of more 
negative feedback in inner loop, 
whence improved stability. Power gain 
50,000.; power output: a-c. 15 watts 
phase-reversible with a-c. input, d-c. 
15 watts polarity reversible with d-c. 
input; total time lag: 0.0083 sec.; 
weight: 10 lbs.; dimensions: 6x5x10% 
in. —Librascope, Inc., 808 Western 
Ave., Glendale, Calif. 


matior e 357 


Decade Amplifier 


New “Glennite F 408” decade am- 
plifier for general laboratory use has 
an input cathode follower probe for 


versatility: features ability to insert 
a network between amplifier and cath- 
ode follower input; anti-microphonic 
construction; provision for convenient 
insertion of filters or padders between 
CF and decade aniplifier section.— 
Gulton Mfg. Corp., Metuchen, N. J. 
For more information circle 358 on inquiry card. 


10-Mc. Lab Amplifier 


New laboratory amplifier, for appli- 
cation in nuclear instrumentation, 
digital computer circuit development, 


4306 


and general wideband circuit prob- 
lems, features front-panel-controlled 
options of high or low output and in- 
put impedances, continuous variable 
gain control, provision for external 
line terminations. Bandwidth from less 
than 1 cps. to 10 Mc.—American Elec- 
tronic Laboratories, Inc., 641 Arch St., 
Philadelphia 6, Pa. 
For r e information 
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recognize this? 


It stands for Atom 
and Atomic Energy, 
creators of a vast 
new industry with 
a great future— 


your future if you’re an 


INSTRUMENT TECHNICIAN 


with 
GENERAL ELECTRIC COMPANY 


at HANFORD WORKS, Richland, Wash. 
operated by GE for the 
U.S. ATOMIC ENERGY COMMISSION 


You’LL work with modern 
complex instrument and con- 
trol systems. You'll maintain, 
repair and calibrate automatic 
control systems, radiation detec- 
tion and measuring instruments, 
computers and a host of indus- 
trial and electronic instruments; 
some you're already familiar 
with, some new, some not yet 
invented. The progress of in- 
strument technology knows no 
limits in the Atomic Age. 


General Electric needs YOU if youre an Instru- 
ment Technician with at least five years’ experi- 


ence, and are a U. S. citizen. « 


You'll receive starting pay of $105 for a 40-hour week, plus GE’s 
liberal employee benefits . . . paid holidays and vacations, health 


and life insurance, retirement plan, suggestion awards, and others. 


And you'll like the sunny, healthful climate in Richland, a modern 
community of 28,500 people in the scenic Pacific Northwest. Attrac- 


tive homes and dormitories are available at moderate rentals. 


write today for information 


‘EMPLOYMENT OFFICE 


GENERAL (96) ELECTRIC 


RICHLAND, WASHINGTON 


SIMPLIFY CIRCUIT TRIMMING with 





“Dourns 


sub-miniature 


TRIMPOTS 


3 TIMES ne Sid OE as 


ACTUAL 
SIZE 








One of many applications 
when space is at a premium 








fVaitiel tp 4>) 


1 / 
only 4X 3/h6 


RESOLUTION: AS LOW AS 0.25% 
© POWER RATING: 0.25 WATT AT 100° F. 
© WEIGHT: ONLY 0.1 OZ. 


BourNS TRIMPOT is a 25 turn, fully adjustable wire-wound 
potentiometer, designed and manufactured exclusively by BOURNS 
LABORATORIES. This rugged, precision instrument, developed expressly 
for trimming or balancing electrical circuits in miniaturized equipment, 
is accepted as a standard component by aircraft and missile manufac- 
turers and major industrial organizations. 

Accurate electrical adjustments are easily made by turning the 
exposed slotted shaft with a screw driver. Self-locking feature of the 
shaft eliminates awkward lock-nuts. Electrical settings are securely 
maintained during vibration of 20 G's up to 2,000 cps or sustained 
acceleration of 100 G’s. BouRNs TRIMPOTS may be mounted indivi- 
dually or in stacked assemblies with two standard screws through the 
body eyelets. Immediate delivery is available in standard resistance 
values from 10 ohms to 20,000 ohms. BouRNS TRIMPOTS can also be 
furnished with various modifications including dual outputs, special 
resistances and extended shafts. 


Bourns also manufactures precision potentiometers 
to measure Linear Motion ; Gage, Absolute, and 
Differential Pressure and Acceleration 


OURNS LABORATORIES 


6135 MAGNOLIA AVENUE, RIVERSIDE, CALIFORNIA 
Technical Bulletin On Request, Dept. 22 


© 8... PATENTS PENDING 





For more information circle 78 on inquiry card 
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ELECTRONIC 
COMPONENTS 








Silicon Junction Diodes 


New miniature silicon junction d'- 
odes have extremely high back re- 
sistance (in several types absut 10,000 
megohms). Hence many entirely n-w 


4209 > aim mange 


circuit applications in addition to those 
now closed to germanium through 
temperature limitations.—Se micon- 
ductor Div.. Hughes Aircraft, Flor- 
ence Ave. & Teale St., Culver City, 
Calif. 

For more information rcle 360 or 


Rectangular Resistors 


Two new “Resist-O-Cards” intro- 
duce maker’s new 7- and 10-watt wire- 
wound power resistors. Assortment 
#19 contains 20 values of “Type 
PW7,” including 3300 and 3900 ohms. 
Assortment #20 contains 20 selected 
values of “Type -PW10” including 
3300, 3900, and 6000 ohms. Resistors 
are of a unique rectangular shape.— 
International Resistance Co., 401 N. 
Broad St., Philadelphia 8, Pa. 


For more information circle 361 on inquiry card 


Delay Line 


New “Model #DL_ 0600-03/120” 
general-purpose line has a d-c, at- 
tenuation of 0.4 db for a delay of 36 
usec. and rise time of 0.36 usec.; is a 
120-section lumped-constant unit 
which can be supplied with taps every 
0.3 usec. Size 18% x 38 x 1% in. 
Temperature range —55C. to 125C.— 
Epsco Inc., 588 Commonwealth Ave., 
Boston 15, Mass. 


For more information circle 362 on inquiry card. 


Feed-through Capacitors 


New discoidal feed-through capaci- 
tors do not exhibit parallel resonance 
effects at frequencies of 1000 Me. or 
less. This, and relatively high capaci- 
tance values with resultant low cou- 
pling impedances, make new units 
“ideal for UHF TV receiver applica- 
tions.” Improvements in filtering of 
more than 20 db result from their use. 
Capacitance values between 1000 and 
2000 mmf. for all usual operating tem- 
peratures.—Allen-Bradley Co., Mil- 
waukee 4, Wis. 


For more information ircle 363 on in Juiry card, 


° 


Airborne-use Rectifiers 


New hermetically-sealed high-volt- 
age selenium rectifiers are for use in 
airborne equipment where adverse 


atmospheric conditions, severe vibra- 
tion and rigid electrical specifications 
must be met. Unit pictured has 














maximum a-c. input of 3300 v.rms.; 
output rating 1420 v.de. and 1.5 ma. 
at 35 C. ambient temperature into a 
resistive load. At 71 C. (typical air- 
borne ambient) 1.2 ma. at 1360 v.de. 
from 2130 v.ac. input.—International 
Rectifier Corp., at 1521 E. Grand Ave., 
El Segundo, Calif. 
For more informatior rcle 364 on inquiry rd 
Tape Resistors 
New “Type RTW” tape resistors 


for experimental work in building pro- 
totype assemblies of modular design 


5a 


CRAM «i973 
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have metal terminals which can be 
soldered to a wafer such as is used in 
“Project Tinkertoy,” with circuit pat- 
tern fired thereon. They can be used 
in assemblies and tested without need 
f curing new resistors on a plate 
each time a resistor is changed.— 
Hansen Electronics Co., 7117 Santa 
Monica Blvd., Los Angeles 46, Calif. 
For more information circle 365 on inquiry card 


Redesigned VDRs 
New “970 Series” wire-wound volt- 


age-dividing resistors comprises eight 
different models; power ratings from 
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2 to 20 watts at 40C. ambient; seven- 
teen shock resistance values from 2 
to 500,000 ohms. All high quality fea- 
tures have been retained but unit 
prices have been kept low.—General 
Radio Co., 275 Massachusetts Ave., 
Cambridge 39, Mass. 

r nt ry + n e > 366 n nquiry ard 


For n 


Ultrastable Delay Line 


New “Model #DL0390-200LTC” 
has maximum over-all delay drift of 
less than 0.15 percent over a tempera- 
ture range of —65 C. to 125 C. and un- 
der all combinations of aging and en- 
vironmental conditions. Unit is a 100- 
section lumped constant line with an 
over-all delay of 200 usec. tapped 
every 2 usec.; rise time 6 usec. D-c. 
attenuation 0.12 db per section; pulse 
attenuation 0.14 db per section. Size 
7% x 4% x 1% in.—Epsco, Inc., 588 
Commonwealth Ave., Boston 15, Mass. 
F ore information circle 367 on inquiry card 


High-resolution VDR 


New “Esipot,” said to represent a 
completely new approach to _high- 
resolution voltage-dividing resistors, 
offers equivalent of a 10-turn VDR 
although any setting can be made 
within less than two revolutions of 
single shaft. Assembly comprises a 
high-resolution single-turn VDR which 
actuates a ten-position attenuator 
switch as single-turn VDR reaches 
end of its travel in either direction. It 
can often replace a pair of controls 
where both “coarse” and “fine” ad- 
justment steps are desired; also “ze- 
ro adjust” control or precision gain 


> 79 on inquiry card, ——> 


























































CONNECTORS 


Fe 


The new AMPHENOL Subminax RF connectors are so 
small that the entire line of twenty-six connectors will 
easily fit into the palm of your hand! Available in 50 
ohm and 75 ohm impedances, Subminax connectors of- 
fer full size RF efficiency compressed into space-saving, 
weight-saving design. 

There are both push-on and screw-on coupling types 
in either 50 or 75 ohm designs. In each design there is a 
plug, angle plug, jack, receptacle, jack bulkhead and 
cable feed through. In addition, hermetically sealed re- 
ceptacles are available in the 50 ohm and 75 ohm screw- 
on series. 

CABLE ASSEMBLIES 

Making Subminax cable assemblies at your plant is 
both easy and. practical. Inexpensive and easy-to-use 
crimping tools have been designed by amMPHENOL for 
this purpose. Subminax assemblies are also available 
directly from AMPHENOL. 


SUBMINIATURE COAXIAL CABLE 


A A a. 
— oes 








For additional information request Bulletin 2500 


AMERICAN PHENOLIC CORPORATION 
chicago 50, illinois 
In Canada; AMPHENOL CANADA LIMITED, Toronto 
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UNIQUE FEATURES 
enable the C-6 to meet all 


requirements 


Three test voltages: 

1'2 volts — for low resistance ranges 

50 volts — for low-voltage capacitor leakage measure- 
ments 


500 volts —to meet MIL specs on insulation tests 


Complete coverage, from zero ohms to 10,000,000 
megohms, without auxiliary equipment. 


Pre-settable “Charge Adjust’’ control and ‘Quick 
Charge” button for rapid Go, No-Go capacitor leak- 
age tests. 


ACCURATE © VERSATILE © RELIABLE ¢ 


roa elite] s}(-Maaelumesicla 4 


$200. f.o.b. Houston 





it. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
P. O. Box 13058 2831 Post Oak Rd. 


Houston, Texas 
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control. Assembly is 1% in. in diam. by 
1-% in. long behind panel; standard 
1%, in. diam. shaft.—Electro-Measure- 
ments, Inc., 4312 S. E. Stark St., Port- 
land 15, Ore. 


Tapped Delay Line 
New ‘Model GDL.5-1K-T9” 


tapped at 0.05 microsecond intervals 
Hermetically sealed in epoxy. Imped- 
ance 1000 ohms; rise time 0.05 usec. 
Size 6% x % x % in. exclusive of 


| terminals.—The Gudeman Co. of Cali- 


fornia, Inc., 9200 Exposition Blud., 
Los Angeles 34, Calif. 
ae nformat rcle 369 


Decade Delay Line 


New “Model GDDL-1000-1,” ha 
over-all delay of 1 usec.; dial-selected 
taps at 0.l-usec. intervals; impedance 


1000 ohms; over-all rise time 0.1 usec. 
Delay element sealed in epoxy and 
selectors for delay and termination 
have ceramic wafer switches with 
solid silver contacts.—The Gudeman 
Co. of Calif., Inc., 9200 Exposition 


| Blvd., Los Angeles 34, Calif. 


370 


High-precision VDR 
New “Model RVG-10 Potentiometer” 
supplements “RL” (MIT Radiation 
Lab) type; is smallest of this precision 


| type: %-in. diam., 7/16-in. body 


length, about 1%-in. total length with 
shaft; but is not to be confused with 
“trimmer pots”: it has 0.1 percent 
resolution and 0.25 percent linearity. 
—The Gamewell Co., Newton Upper 
Falls 64, Mass. 

re informatior 371 


Variable Inductors 


New “Style A Type 1” variable in 
ductors, available both shielded and 
unshielded, are supplied in ten stand- 


ard values from 56 uh. to 1.8 mh. and 
up to a maximum of 25 mh. in special 
units; feature inductance variation 
range of 2:1; Q’s of approx. 200; op- 
erating temperature range from —50 
C. to 100 C. and temperature coeffi- 
cients of inductance less than 50 ppm. 
per C. deg. Entire powdered carbony!l- 











iron cup core and coil assembly is em- 
bedded in epoxy, whence high resist- 
ance to vibration or shock as well as 
good protection against moisture and 
chemical attack. Units can dissipate 
2.5 watts with a temperature rise of 
20 C.; have voltage ratings of 400 
max. weigh approx. 1 oz. Also avail- 
able in form of complete sealed tuned 
circuits with shunt capacitors includ- 
ed to user’s specs.—Levinthal Elec- 
tronic Products, Inc., 2905 Fair Oaks 
Ave., Redwood City, Calif. 

For more information circle 372 on inquiry card. 


Ten-turn VDR 


New “1100 Series Micropot” is 
specifically designed for original 
equipment manufacturers of precision 
electrical devices who sell in a com- 
petitive market. Color-coded 9-in. lead 
wires instead of terminals permit flex- 
ibility of application and ease of in- 
stallation without changing present 
wiring system. Rear shaft extension 
optional for single and ganged. Stand- 
ard values 50 to 100,000 ohms. Inde- 
pendent linearity 0.1-0.5 percent.— 
George W. Borg Corp., Janesville, Wis. 
For re information circle 373 on inquiry card. 


Low-noise Cable 


New “Glennite Blue Line” subminia- 
ture-size (OD 0.017 in.) coaxial cable 
was developed particularly for use 
with shock and vibration pickups; is 
extremely flexible and consequently 
not easily subject to mechanical dam- 
age; has been treated to minimize self- 
noise generation; has a low capacity 
of 38 mmfd/ft. and is usually equipped 
with a new subminiature coaxial 
screw type connector (Type C5-P). It 
may also be used for RF work having 
a characteristic impedance of 40 ohms 
and an insulation strength of 1200 
v.de.—Gulton Mfg. Corp., Metuchen, 
Wid 


r 


stion circle 374 on inquiry card. 
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Instrumentation Motor 


New “AC-93” miniature subfrac- 
tional-bp. low-slip induction motor of- 
fers favorable application character- 
istics for instrumentation, magnetic- 
tape recorders, servomotors and geo- 
physical-equipment uses; 115 v. 400 
cps., 1-phase, 11,800 rpm. with 15-watt 
output; locked rotor torque 1.8 oz. in. 
minimum; maximum power input 45 
watts. Rotation is reversible. Weight 
14 0oz.—Dalmotor Co., 1344 Clay St., 
Santa Clara, Calif. 


For more information circle 375 on inquiry card. 


Linear Power Unit 


New “super lightweight” aircraft 
electrical actuator weighs 1.16 lbs. 
compared with 2.2 lbs. for 1953 mod- 
el; is for such uses as trim tabs, arti- 
ficial feel controls, ete. Normal oper- 
ating load up to 150 lbs.; static load 
500 lbs. tension or compression. Choice 
of gear ratios, jackscrews and motors. 
All improvements of maker’s previous 
actuators have been retained, includ- 
ing non-jamming jackscrews, limit 
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TED ENGINEERING non 
TRAMSOUCER SI VISION 
PASADENA 13 CALIFORNIA 
With an accurate, rugged CEC Pressure Pickup, there’s 
never any doubt about performance characteristics . . . 
a complete calibration certificate accompanies every 
unit. Sensitivity, linearity, hysteresis, zero shift, input 
and output impedance... all are measured precisely PICKUP ONLY 


Over a specified temperature range and noted on the 
signed certificate... you know exactly how each pickup 


will perform. 


Check these important features of CEC’s complete line 
of precision pickups for your next pressure measure- 





ment job .. . for applications where you need high ac- cue wirw gLusn 


curacy, rapid response and minimum size . . . MOUNTING FLANGE 


WIDE CHOICE OF RANGES... +1 to +5000 psi for gage, 
absolute and differential measurements } 


A 


ACCURACY... .0.75% maximum linearity deviation; un- 
usually low hysteresis, temperature effects, and acceler- 
ation response. 

ADAPTABILITY .. . several mounting methods possible, 
standard fittings available. (See illustrations at right) 


14” 


EXTREME MINIATURIZATION ... as small as 12” diameter. 





STANDARDIZATION . . . one basic sensing element used in 
all models .. . uniform excitation voltage and output 
greatly simplifies system design and operation. 





There’s a CEC Pressure Pickup for almost every pur- 
pose. For complete information, let us send you Bul- PICKUP WITH PIPE 
letin CEC1552-X14. ona 





Consolidated Engineering 
Corporation 


ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 


300 North Sierra Madre Villa, Pasadena 15, California 
Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago, 
Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D. C 

For more information rcle 81 on inquiry card 
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RECORDS 
TWO INDEPENDENT 
VARIABLES FROM 
ANALOG OR DIGITAL 
INPUTS 
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A compact, desk-size unit 
designed for general purpose 
graphic recording from analog 
or digital inputs with stand- 
ard Librascope converters or 
special modifications engi- 
neered to customer require- 
ments. Unique pen travel, 
fast and dependable. Full 
chart visibility allowing 
curve generation to be ob- 
served at all times. Write for 
detailed catalog information. 
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Mechanical and electrical 
analog computers, digital 

computers, input-output 
devices and components, 


) Computers and Controls 
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as you need them... 74 vee] 
ainico reenanent MAGNETS > PERMAG 


PRECISION CUTTING 
PRECISION GRINDING 
MAGNETIZING 


Experimental or 
production 
quantities 




















HOLD WIRING 


From 4.4” to 1” dia. with our Type 4 ‘““NyGrip” 
all Nylon cable clip, pictured here full size. These 
are now carried in stock with fastening holes for 
No. 4 to No. 8 screws. Tough, flexible, strong, light 
in weight. May also be used for fastening glass 
tubing without breakage. 


Prices Recently Reduced 10% on Most Sizes 





Write today for sample and details. 


WECKESSER CoO. 
5258 N. Avondale Ave. Chicago 30, Ill. 
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NEW INSTRUMENTS 





switches, built-in radio noise filters 
and magnetic brakes.—AiResearch 
Mfg. Co., 9851 Sepulveda Blvd., Los 
Angeles 45, Calif. 

For more information circle 376 on inquiry card. 


Miniature Solenoids 
New miniature d-c. solenoids weigh 


as little as 1% oz. “Model A-205” 
(photo) has a push-pull capacity of 





9 oz. with a 1/16-in. stroke; 7% oz. 
with a \%-in. stroke; 6 oz. with a 3/16- 
in stroke and 5 oz. with 4-in. stroke; 
is suited for computers, etc. Mount- 
ings to meet individual specifications. 
—West Coast Electrical Mfg. Corp., 
233 W. 116th Place, Los Angeles 61, 
Calif. 

For more information circle 377 on inquiry card. 


Miniature A-c. Motors 


New “Type SC” subminiature 400- 
or 60-cps. motors, 1 1/16 in. diam., 
embody protection for military envir- 
onments; can be wound for single-, 
2-, or 3-phase; can be furnished as 
induction or hysteresis motors; motor 
can be furnished with concentric spur 
vear reducer.—Globe Industries, Inc., 
1784 Stanley Ave., Dayton, Ohio. 
le 378 on inquiry card. 


For more information cir 


Permanent-magnet Motor 

New “Series 1200” motors, for use 
in aircraft actuators and servomecha- 
nisms, meet MIL-M 8609, offer up to 





A103 


5 oz.-in. of torque at 60 rpm. up to 
30,000 rpm.; operate on 3 to 115 v.de.; 
feature specially-designed laminated 
field shoes used in conjunction with 
Alnico V magnets, 14-bar commutator 
armature with laminations of 7 slots 
with a skew of one full slot which 
minimizes latching effect.—Air Equip- 
ment Co., 2248 E. 37th St., Los An- 
geles 58, Calif. 

For more information c 
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Fractional-hp. Motors 


New skeleton type and clutch-gear 
type f-hp. motors feature high start- 
ing torque, simplified mounting and 
low cost. Skeleton type motors are 
two-pole, shaded pole, sizes from 1/500 
to 1/25 hp., 2100 to 3500 rpm., voltage 
range 6 to 220 vac. Maximum torque 
14 oz-in. running and 10 oz-in. start- 
ing. Clutch-gear type motors are two- 

















pole, shaded pole, fast disengagement 
time (approx. 25 milliseconds), all 
speeds from 4 to 328 rpm., voltage 
range 6 to 220 vac. At 25 rpm. torque 
is 100 oz-in. on continuous duty.— 
Comar Electric Co., 3349 Addison St., 
Chicago 18, Ill. 

For more information c 


rcle 380 on inquiry card. 


Aireraft Actuator Motor 


New 400-cps. actuator motor meas- | 


uring 1.705 in. OD x 2-9/16 in. long 
is excited with 115 v. on fixed phase 
and 24 v. on control phase. Torque at 


stall is 2.9 oz.-in. with power factor | 


at stall torque of 50 percent. No-load | 


speed 5100 r.p.m. Temperature range: 


-—55 C. to 90 C. Weight 13.7 oz.— 
American Electronic Mfg., Inc., 9503 
West Jefferson Blvd., Culver City, 
Calif. 


For more information circle 381 on inquiry card. 


Sampling Switch 


New improved model offers in- 
creased life, exclusive wiper design, 
and semi-molded contact assembly. 
Typical specs are 60 contacts, 30 chan- 
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nel, 1 pole and sampling rates up to 
60 rps. Multiple stacked pole designs 


as well as variations in number and | 
arrangement of contacts are avail- | 
able-—General Devices, Inc., P. O. Box 


253, Princeton, N. J. 


For more information circle 382 on inquiry card. 


Remote-control Switch 
New adaption of maker’s standard 


“Bulletin 920 Remote Control Switch” | 
is available with a control line fuse | 


and adapter. Adapter may also be 
purchased as a separate item. Switches 
can be actuated by push buttons, tim- 
ers, toggle switches, etc.—Automatic 
as a Co., 391 Lakeside Ave., Orange, 
N. J. 


For more information circle 383 on inquiry card. 


Overload Switch 


New model of maker’s “Dyna- 


Switch” has doubled capacity: 20,000 | 


Ibs. Accuracy of new model is within 
0.5 percent; safety factor 3% to 1, 
thus permitting accidental overloads 





WAM Thi 


INDUSTRIAL TELEVISION SYSTEM 


Do the WATCHING 
antl WAITING” 


< “UtiliVue” —Industrial Wired Tele- 
. vision can solve the problem of 
coordinating conveyor loading to 
avoid pile-ups and lost time. Any 
number of points may be watched 
simultaneously. 


ee cn sae 
for direct observation may be 
watched safely by “UtiliVue”. This 
includes destructive tests of ma- 








“ syiivue” cameras are available - 
jn weatherproof housings which 
as Goud oni sae 
Cincom od agpttineyg ang hie 





Many plants have “watching and waiting” jobs scattered around . . 
jobs where a man doesn't do anything except watch an operation and 
report at intervals to a person elsewhere. 

The Diamond “UtiliVue” (wired television) can do the watching 
and waiting, releasing manpower for more productive work. It will 
watch any process ... no matter how remote, dangerous or inacces- 
sible . . . and bring a clear image to the observer. It enables him to 
SEE simultaneously and to coordinate several scattered but related 
jobs . . . an advantage obtainable in no other way. There can be no 
mistakes in communications. Get all the facts. Get in touch with your 
Graybar Distributor or use the coupon below. 




























“Graybar 4 
Distibuted 7118 

p> ty peer enecesanieeinnemenee fear emo . 
‘ DIAMOND POWER SPECIALTY CORP. | 
data ‘GraybaR ee! ELECTRONICS DEPT., P.O. BOX 415H 
LANCASTER, OHIO | 
Al CORP. ' Please send me without obligation a copy of new | 

bulletin showing how Diamond Industrial (Wired) 
Television will help me reduce costs, improve quality, ] 
fom sm 1°) increase sales and aid safety. | 
F er | Ontario Name 

ted shares 
mond Specialty ae Monvfocture?d Title. | 
Dia ube has ga 
Since 1903, ipment for Indy C n 
quality Equ'P om pany | 
Address | 
fas cee came ene Game omens eS cS GD SD DS GS GD GD GS GS ED a | 
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NEW INSTRUMENTS 








up to 70,000 lbs. without damage to 
calibration. For 110 or 220/440-volt 
supply.—W. C. Dillon & Co., Inc., P. O. 
Box 3008, Van Nuys, Calif. 


For more information circle 384 on inquiry card 


MODEL LAB—60 RF TYPE 
CONTINUOUSLY VARIABLE 0-60 KV 
DC REGULATED POWER SUPPLY 


Current output 1 ma. at 60 KV. 2 ma. 

may be drawn from 50 KV to 0. Supplied 

with either positive polarity or negative 

polarity output. 

LAB-60 Complete with meter _................$695 Net 

LAB-60 PN Reversible polarity model of above 
Pe slices de $745 Net 





Environment-proof Switch 


' New “‘ISEI,’’ 
f —~| i said to be “the 


smallest and 
lightest sealed 
precision snap- 
acting switch 
available,” oper- 
3% ates from -65 to 
180 F. Mechani- 
cal life expectan- 
cy 300,000 opera- 
tions.—Micro Switch, Freeport, Ill. 

For more information circle 385 on inquiry card. 
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This compact, well designed, ruggedly built DC 
supply utilizes two 6AQ5 tubes as a parallel oscil- 
lator feeding a 1X2 rectifier tube. For an output 
voltage of 44% KV DC at 1 milliampere, the low 
voltage input requirement is 250 V at 50 milli- 
amperes. By varying the DC input the output 
voltage can be varied from approx. 1 KV to 7% 
KV. Dimensions: 5%” high x 5” deep x 4%” 
wide. In completely enclosed metal housing (not 
shown). Less low voltage DC supply $32.50 Net 


Stepping Switch 





New stepping switch for heavy-duty 
operation extending beyond 100-mil- 
lion steps (impulse or self-drive) has 
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HIGH 





SEND a speed of stepping of 60 or 68 steps 

sees $4.80 Net per second, depending on wiper ar- 

VOLTAGE $. #$=eee Sie 0-15 Kv... 12.00 Net: FOR rangement. Armature stroke is set by 
sais 36.00 Net: a simple adjustment of knife-edge 

STEP-UP == Gap bg 35 KV ..... 42.00 Net: COMPLETE suspension, in full view of front. In- 
z terrupter springset is adjusted by 

COILS a setting camber of base-plate by means 


of two securing screws. Standard coils 
22, 40, 50, and 60 v.de.; specials for 


3029 WEBSTER AVENUE other voltages.—I mtra Corp., 58 
TELEVISION CO., INC ae Charles St., Cambridge 41, Mass. 
BRONX, N. vr. Kingsbridge 0306 Fan more latennsiion circle 386 on inauir ard 
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SEE THE LATEST IN my Gulag 


Machine Tool Switch 


New “Model L- 
100S” features snap 
action. Design has 
repeatedly withstood 
25,000,000 actua- 
tions. Silver contact 
points are reversible. 
Terminal compart- 
ment is separate 
from switch com- 
partment. Various 
actuators available; 
roller and pin in 
standard actuator 
are made of hard- 
ened steel; 70 deg. 
overtravel. Rating 
’ 25 amps, 125 volts 

< ; ac-de.—Acro Mfg. 
Co., Columbus 16, Ohio. 
For more information circle 387 on inquiry card. 


« 
Electronics FOR MEASURING TANK 


EQUIPMENT CONTENTS ANY DISTANCE AWAY 








7 ~ 








TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 


























Control Relay 
me ALSO... New “Micrelay” controls loads up to 


DMA, KOT | 60 amps. or 3 hp. from extremely low 
| 
| 


Newark’s1955 Catalog HYDROSTATIC GAUGES power devices such as photocells. It 











is completely a-c. operated, using one 

FOR ALL PURPOSES commercial long-life Type 2D21 min- 
ere are late releases in tube | 

nnmenmmerran §=§=6PRESSURE ¢ VACUUM © DRAFT 

transtormers, capacitors, test instrumen's 

and everything in electronics parts and DEPTH & ABSOLUTE PRESSURE 

equipment. See also the newest devel DIFFERENTIAL PRESSURE 


opments in Radio, TY and High Fidelity 
MERCURIAL BAROMETERS 
SEND FOR BULLETINS 


UEHLING INSTRUMENT CO. 


470 GETTY AVE., PATERSON, N. J. 





EWARK 





ELECTRIC COMPANY 


Dept. IN-4 223 W. Madison, Set 6. iil. 
' 


For more information circle 87 on inquiry card. For more information circle 88 on inquiry card. 
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iature thyratron and maker’s “Mer- 
cury Plunger Relay” (UL approved). 
It supplies its own operating voltages 
for high and low impedance applica- 
tions, suitable for control circuit im- 
pedances from 10 megohms to 100,000 
ohms; may also be operated from an 
external 9 v.ac. or 12.5 v.de. signal of 
source impedance up to 10 megohms. 
—Ebert Electronics Corp., 212-23C 
Jamaica Avenue, Queens Village 28, 
nN. ¥. 


For more information circle 388 on inquiry card. 


Mercury-type Relays 


New ‘‘Types 
HG and HGP” 
mercur y-wetted 
contact relays, 
said to be capable 
of over a billion 
operations with- 
out maintenance, 
are designed for 
use in high-speed 
switching ma- 
chines and de- 
vices; operate at 
up to 60 opera- 
tions a second; 
have high cur- 
rent-carrying ca- 
pacity (up to 5 
amps.), high volt- 
age-handling ca- 
pacity (up to 500 volts); are bounce- 
and chatter-free.—C. P. Clare & Co., 
3101 Pratt Blvd., Chicago 45, Ill. 


’ 
For more information circle 389 on inquiry card. 





Control Relay 


New “Model EB Electronic Pilot 
Relay” can control 5 amps. at 115 
v.ac.; draws 2 microamps maximum 





from master measuring instrument; 
features a _ cold-cathode tube (no 
warm-up).—I/ ndustrial Electronic 
Controls Co., 2271 E. 14th St., Brook- 
lyn 29, N.Y. 


For more information circle 390 on inquiry card. 


Limit Switch 
New “Type DM” heavy-duty ma- 
chine limit switch features increased 
wiring space, protection against ex- 
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BUTTERFLY VALVES 











is) 


SPECIAL R-S VALVES RESIST 


CORROSION... ABRASION...HEAT 


Where rugged processing conditions call for special handling, 

R-S Butterfly Valves are designed and built to meet individual 
requirements. Any type of metal or other material that can be cast 
or welded—even plastics—may be specified for valve bodies or parts. 


Special metals have been developed to withstand corrosion, abrasion, 
erosion, high heat and pressure. For certain types of corrosion, 

the R-S Rubber-lined Valve may be used. Every R-S Valve gives you 
the advantages of quick and positive closure with any type of controls, 
uniform control in normal regulating range, and minimum pressure 
drop to save power. 


When past experience offers no 
precedent, you can draw on 
our background in specialized valve Hydraulic Gates & Hoists 
engineering to solve material problems. Turbines Trash Rakes 
To find the proper valve for any Pumps [im Accessories 
application, or for full information 
on our full line of butterfly, cone 
and ball valves, write to 

S. Morgan Smith Company, 
York, Pennsylvania. 


HYDRODYNAMICS 





Rotovalves ## Free-Discharge 
Ball Valves J Valves 


Butterfly Controllable-Pitch 


. Valves Ship Propellers 


S. MORGAN SMITH, CANADA, LIMITED, TORONTO 
For more information circle 89 on inquiry card 
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YOU CAN RECALIBRATE THE 
ROCHESTER DIAL THERMOMETER 





EXCLUSIVE! 


EXTERNALLY 





us 











-10 110 ns 


“diy Ws me An accidental blow that may knock the thermometer 
out of adjustment doesn’t have to be a serious prob- 
lem. External recalibration, exclusive with Roches- 
ter Dial Thermometers, can be done easily and 
quickly. Insert the stainless steel stem in any liquid of known temperature and adjust the 
done easily and quickly, EXTERNALLY, and is 





dial with the set screw attachment. It’s 
completely accurate. 

Other plus features include: 

All parts, except the crystal, are of corrosion-resistant stainless steel. 

Hermetically sealed against moisture and grime. 

All readings are completely legible and accurate. 

Precision bi-metal helices precalibrated to dial before assembly. 

Stem position can be located anywhere around circumference of the dial in the STRAIGHT 


form thermometers. 
Your Rochester representative will be glad to give you additional information, or 
address your inquiries directly to the Rochester Manufacturing Company. Rochester .. . 











Manufacturing Company, Inc. 


Y 35 Rockwood St., Rochester 10, N. Y. 


THERMOMETERS GAUGES 


“ae: 
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MEASURE ALL 
HOW WE MADE 
« A PIECE OF GLASS 
SOLVE A WELL 
DRILLING 


PROBLEM 


FLUTTER 
* Wow 
% DRIFT 





Creative Glass Engineering 
Like This Shows How 
BRAY OPTICAL Can Help You 


ing, a special precision instrument, the TOTCO 
Double Recorder, is dropped like a dart to bot- 





New, Sensitive 


FLUTTER METER 


First Aid for the sound engineer — the ACA 
Flutter Meter! Accurate, sensitive instrument 
designed for rapid visual indication of flutter, 
wow, and drift content of discs (all speeds), 
sound film mechanisms, film recorders, and 
magnetic wire and tape recorders. 


crucial time of test. So that the driller can 


started after properly setting the time interval, 

the manufacturer, Technical Oil Tool Corp., 

asked us to design a moulded glass window to 

reveal the balance wheel. 

Problems : impact, visibility, heat, 
precision tolerances. 
Our Solution : Pyrex tubing, precision 

ground and polished. 

Chances are Bray Optical can help you with 

precision glass design—quickly, economically. 

Call now for consultation...no obligation. 


Three distinct and simultaneous readings 
may be made of flutter, wow, and drift. 
Large, sensitive 4’ meter has three scales: 
0.3%, 1.0%, and 3.0%, calibrated for flutter, 
wow, and drift readings. Accuracy within 2% 
of ful! scale value, independent of wave-form, 
amplitude variation, hum, noise, etc. 


Flutter Meter complies with tentative 
standards set by Society of Motion Picture 
Engineers. Recommended for schools, labs, 
broadcast stations, recording equipment 
manufacturers, and studios. 


Write today for circular 5036 


Amp ifier CORP. of AMERICA 


NEW YORK 13, N.Y. 


DUnkirk 7-8295 
3445-47 West 1st Street, Los Angeles 4, Calif. 


For more information circle 92 on inquiry card. 


398 BROADWAY e 





For more information circle 919 on inquiry card. 


Page 590—IJnstruments & Automation—Vol. 28 





To accurately determine drift in oil well drill- 


tom depth. A built-in timing element records | 


visually determine that the timing element has 





NEW INSTRUMENTS 





cessive overtravel achieved without 
shear pins, complete separation of 
electrical and mechanical mechanisms, 
and nylon-to-steel wearing surfaces. 
Rating 10 amps. continuous, to 600 
v.ac.—Clark Controller Co., 1146 East 
152nd St., Cleveland 10, Ohio. 

For more information circle 391 on inquiry card. 


6-p.d-t. Relay 


New “Series 2005” is a 6-pole dou- 
ble-throw hermetically-sealed 5-amp. 
subminiature unit said to be “years 
ahead of modern design trends.” 
Meets MIL-R-6106-A, Class A, and 
MIL-R-5757-B, Class A; withstands 
100 G shock, and 10 G vibration from 
75 to 2000 eps. in all mounting planes. 
—Guardian Electric Mfg. Co., 1621 
WwW. W — St., Chicago 12, Ill. 


For more information circle 392 on inquiry card. 


Telephone-type Relay 
New “SQ” miniature single-coil tel- 
ephone relay is available in 1 to 5 
amps. contact ratings, and in contact 





combinations from spst. to 6-pdt.; 
maximum sensitivity of 15 mw. per 
pole in dpdt. combination withstand- 
ing 10 G vibration from 10 to 500 
cps. (with 40 mw. per pole, 30 G). 
Dpdt. units are available also in a 
sealed container, solder-terminal or 
plug-in—Advance Electric & Relay 


Co., 2485 N. Naomi St., Burbank, 
Calif. 
For more information circle 393 on inquiry card. 


Protective Relays 


New differential relays can be used 
for automatic overload, over-voltage, 
under-voltage or under-current protec- 
tion. They reset automatically when 
abnormal condition is removed. Actu- 
ating element is a heater (approx. 1 











MM peRITE 


D iGFERENTIA 
getay 

















watt), time constants from approx. 3 
to 30 seconds, no response to tran- 
sients of shorter duration. Normally- 
open or closed contacts. Currents from 














10 to 1000 ma.; voltages from 1 to 
100.—Amperite Co., 561 Broadway, 
New York 12, N. Y. 


For more information circle 394 on inquiry card. 


High-voltage Connectors 


New “PM6/HV” six-contact con- 
nector features one-piece molded min- 
eral-filled Melamine insert bodies de- 
signed to fit standard AN 20 shells. 
Plug and receptacle halves can be 
supplied assembled in any of 3100 to 
3108 solid or split shells required. 
Contacts are rated at 5 amps. Voltage 
breakdown at sea level 6800 v.dc.; at 
60,000 ft. 1400 v.de.—Winchester Elec- 
tronics, Inc., Norwalk, Conn. 

For more information circle 395 on inquiry card. 


Explosive Disconnect 


New explosive disconnect plug and 
receptacle provides for instantaneous 
opening of as many as 100 circuits on 
a non-shorting basis. Where desired, 





time delay up to 3 seconds can be in- 
corporated. Two primers (visible at 
opposite sides of illustrated unit) are 
fired and two securing screws (one 
visible, front) are severed.—Beckman 
& Whitley, Inc., 930 EF. San Carlos 
Ave., San Carlos, Calif. 


For more information circle 396 on inquiry card. 


TUBE FITTINGS 





Black Finish Fittings 


New steel “Ferulok” tube fittings 
are now being produced with Parker 
“Lubrite” finish, a permanent black 
coating in contrast to former bright 
plating of steel “Ferulok.” Major ad- 
vantage is lubricating quality, mini- 
mizing wrench torque required to 
make-up fitting and providing easy 
reassembly of joint without use of 
oil—Parker Appliance Co., Cleveland 
12, Ohio. 


For more information circle 397 on inquiry card. 


Quick Hose Couplings 


New “Pushomatic” quick connect 
and disconnect couplings for air and 
hydraulic hose feature one-hand op- 
eration without turning or twisting 





| 
} 
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Is your product inactive for prolonged 
periods, then called upon for immediate 
action? That’s the problem facing 
Schwien, Inc., makers of gyros for 
guided-missile flight control. 
To make sure their gyros will deliver on 
eas A demand anytime, at any altitude, Schwien 
pos itive uses three CEC Mass Spectrometer Leak 
leak Detectors. Each and every sealed gyro 





is pumped out . . . filled with dry, inert gas 
. ... then checked twice with this 
tig ht ness phenomenally sensitive quality-control 
f tool. Leaks so small that they pass only 
Or 4x 10° std cc per second—undetectable 
’ by any other method—are pinpointed 
split-second unfailingly. 
With this important assist from CEC 
— mass spectrometry, Schwien knows that 
action their product can sit for years . . . then, 


thanks to proved leak tightness, spring into 


action in a split second. 





TWO CEC LEAK DETECTORS 
Schwien uses standard 24-101A instruments, 
which can measure leak rates to 10° std 
cc/sec...detect 1 part helium in 200,000 
parts of air. For ultra-critical atomic and 
electron-tube work, the new Type 24-110 
detects 1 part helium in 2,000,000 parts of air. 





Both instruments are described in CEC 
- Bulletin 1801D-X6. 


Consolidated Engineering 


Corporation 
ELECTRONIC INSTRUMENTS FOR MEA REMENT AND <¢ NTR 
300 North Sierra Madre Villa, Pasadena 15, California 


I Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago, 
Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D. C. 
For more information circle 93 on inquiry card. 
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4," DIAL 
THERMOMETERS 


Made in 3 types to 
suit any requirements. 
Rigid stem, wall or 
flush mounted, 11 
inches of scale read- 
ing. Interchangeable 
with standard indus- 
trial separable sock- 
ets. Stem can be 
placed at any angle 
and case can be ro- 
tated to any readable 
position. 


RECORDING 
THERMOMETERS 


Twelve inch die-cast 
aluminum case with 
black or white wrinkle 
or satin finish. Single 
or multiple pen con- 
struction. Electric or 
spring wound clock, 
24 hour or 7 Day Rev- 
olution. Flexible Ar- 
mor and bulb of stain- 
less steel. Ranges —40 
+950°F or Equivalent 
in °C. 





eeeeeeaeeee eee 


INDUSTRIAL 
THERMOMETERS 


Red-Reading Mercury 
—Extruded brass case 
— chrome finish. 
Ranges —40 + 950°F 
or Equivalent in °C. 


RED-READING 
MERCURY 
LABORATORY 
THERMOMETERS 


Thoroughly annealed 
for permanent accu- 
racy. Complete line 
A.S.T.M. and fractional 
division types. 


Write For Catalog Information 


PALMER 


THERMOMETERS, INC. 


nati 12 Oh * ME 


For more information circle 94 on inquiry card. 
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to lock. Integral check valve shuts off 
pressure when disconnected. Sizes \%- 
in. through %-in. Application up to 
10,000 psi—Breco Div. Perfecting 
Service Co., 332 Atando Ave., Char- 
lotte 6, N. C. 


For more information circle 398 on inquiry card. 


Small-tube Fitting 


New “1/16 in. Capillary Swagelok 
Tube Fitting” does away with small- 
size tube problems. No special tools 


BRO 


a 


required, nor any preparatory work 
on tube. Available in brass, aluminum, 
steel, stainless steel and Monel.— 
Crawford Fitting Co., 884 E. 140th 
Street, Cleveland 10, Ohio. 


For more information circle 399 on inquiry card 


VALVES 


Bulk Loading Valve 


New “Bulletin 8023 Solenoid Valve,” 
combining electrical control and 
manual operation, for controlling flow 
of gasoline, kerosene, diesel and fuel 
oils in remote metering systems, is 
designed to provide terminal dispatch- 
er with complete and absolute control 
of all deliveries. Electrical interlock 
prevents withdrawal until authorized 
by dispatcher; unregistered deliveries 
are eliminated.—Automatic Switch 
Co., Orange, N. J. 


For more information c 
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Saunders Valves 


New line of “Air Operated Saunders 
Patent Type Valve” comprises sizes 
%-in. through 4-in., flanged and 


screwed, spring type and springless, 
air-to-open and air-to-close, in wide 
choice of body materials, and with 
linings of rubber, neoprene, saran, 
hard rubber, glass, ete.—Uniflow 
Valve Corp., P. O. Box 171, Linden, 
fea 


information circle 401 on inquiry card. 


Constant-flow Valves 


New constant-flow valves maintain 
rate of flow within one percent up to 
200, 300, 400, 500, 600, or 700 gph.; 
each model will maintain flow as low 
as 10 percent of maximum. Fluids can 
be fuel oil or other non-abrasive 


liquids with viscosities as high as 250 
ssu. at static pressures to 500 psi. and 
temperatures to 250 F., despite fluc- 
tuations in upstream or downstream 
pressure. Flow is accurately main- 
tained as long as fluid viscosity and 
temperature are constant and pressure 
differential across valve is 40 psi. or 
higher for maximum flow.—Askania 
Regulator Co., 240 E. Ontario St., 
Chicago 11, IIl. 


For more information c 


rcle 402 on inquir 


Solenoid Valves 


New general- 
purpose semidi- 
rect-lift solenoid 
valves are nor- 
mally-closed 
(when de-ener- 
gized); packless; 
full-ported; suit- 
able for use with 
media not harm- 
ful to bronze or 
316 or 416 stain- 
less steel. Sizes 
1%, % and 1 in. 
pipe.— Atkomatic 

iValve Co., 545 
Abbott St., Indi- 
auz2 anapolis, Ind. 
e 403 on inquiry ca 


ro. 
Pressure-regulating Valve 
New “Standard Type 1260” features 


extremely low pressure drop and lock- 
up, operates within a range of 300 


psi. inlet pressure and 3 to 250 psi. 
delivered pressure; is said to combine 
minimum size and weight with greater 
sensitivity. Low pressure drop is 
achieved through use of Venturi prin- 
ciple. Other features: free rotation of 


self-cleaning ball inner valve; 
large-area built-in strainer.—A. A 
Cash Co., P. O. Box 551, Decatur, 
Illinois. 
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BEFORE THIS JET CAN FLY a 


On 


ITS INTRICATE FUEL SYSTEM 
MUST “FLOW” 


AND THAT MEANS 


Muillizale. Stage Typ2. I? 


Ever stop to wonder why Cox Multiple Stage Type 12 Flowmeters are so 
widely used by the U. S. Airforce and U. S. Navy? 





The answer is that both these services must know exactly how much 
fuel a plane’s fuel pumps and fuel nozzles can handle in a given 
amount of time—in order to determine the operating reliability of its 
intricate fuel system. In jets, particularly, accurate flow rate testing is 
essential, since the fuel system must be capable of pumping and carry- 
ing tremendous amounts of fuel each minute the plane is in the air. 





Experience has shown America’s major users of precision flowmeters 

that the Cox Type 12 can always be depended upon for first-rate per- 

formance. Its record of service is unmatched in providing accurate, 

dependable testing of jet nozzles, fuel pumps, carburetors, and other 
TYPE 12 - 90 SERIES 


items forming the vital ‘flow systems” of jet and reciprocating engines. 


The Cox Multiple Stage Type 12 is available in three series—the 40, the 90, and the 
100. All possess remarkable accuracy, repeatability and quick response. Maximum 
capacity of the 40 Series and the 90 Series is 36,000 pounds per hour. The 100 Series 
provides a maximum flow capacity of 32,500 pounds per hour. Use of a bypass 
orifice greatly increases the flow capacity of each instrument without increasing 
its frontal area. 

Readings to the nearest graduation on individually graduated logarithmic type 
scales are normally within 2% to 1% of the indicated flow, depending on the partic- 
ular series. Flowmeters are calibrated for a specific fluid and scales for metering 
liquids of different characteristics can be easily interchanged. 





Patented “Inner Wall” guides, integral with the metering tube, assure a true flow 
pattern by keeping the float centered in.the tube at all times. 





COX FLOWMETERS - THE STANDARD OF INDUSTRY 


AUTOMOTIVE AIRCRAFT u..3. 
ND AND ARMY 


A 
RELATED RELATED NAVY 
| AIR FORCE 


TYPE ee 100 SERIES MANUFACTURERS MANUFACTURERS 


ommercial esearch ,aboratories, Inc. 


20 BARTLETT AVENUE 6 DETROIT 3, MICHIGAN 


SINCE 1912: CARBURETOR FLOW STANDS *® ENGINE INDICATORS * FLOWMETER CALIBRATING STANDS 


MAKERS OF 


REGISTERED TRADE MARK 


FUEL NOZZLE TEST STANDS * MAGNETIC THICKNESS GAGES * VIBRATION RECORDING EQUIPMENT * BALANCED ELECTRONIC EQUIPMENT FOR 
PRESSURE AND VIBRATIONS 


For more information circle 95 on inquiry card. 
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Industrial uses of 


E):. 


60-@-@ **- 7" 


Goodyear Aircraft Corporation 


Fig. |. GEDA L-3 linear 


computer. 


electronic differential analyzer) is a device for 

rapid analysis of equations or functions that rep- 
resent physical systems. The system to be analyzed is sim- 
ulated either by differential equations or by transfer 
functions, which then are analyzed by the computer. Com- 
puters (Fig. 1) contain electronic and electromechanical 
computing elements arranged for convenient intercon- 
nection. 

The computer makes it possible to set up and study 
complicated equipments and systems. It provides quick 
answers to engineering problems, and furnishes insight 
into and an understanding of such problems. The basic 
philosophy of such a device is that analogous systems 
act in the same ways and satisfy the same type of mathe- 
matical relations. These relations may be either linear or 
nonlinear. (A linear device is one for which the ratio 
of output variable to input variable is independent of the 
amplitude of the input variable; the output-input ratio of 
nonlinear devices depends on the amplitude of the input 
variable. Thus, saturation, backlash, deadspace, multipli- 
cation of variables, etc., are nonlinearities. ) 

The use of nonlinear equipment (multipliers, function 
generators, limiters, and special circuits) greatly expands 
the versatility of the analog technique because many 
typical systems have nonlinear elements such as_back- 
lash and deadspace. A general-purpose electronic differ- 
ential analyzer capable of analyzing the performance of 
nonlinear systems is of particularly high value because 
analytical methods for solution of nonlinear systems are 
difficult. 

In order to analyze a system by use of an analog com- 
puter, the system must be represented either by equations 
or by transfer functions. The latter are particularly im- 
portant for unit chemical processes, heat-transfer devices, 
and other equipments that can not be described easily in 
equation form. 


( S electronic diferent ANALOG COMPUTER (or 


Presented at the Computer Clinic, First Automation Exposition, New 
York, N. Y., Nov. 30-Dec. 2, 1954. 
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GEDA N-3 nonlinear com- 
puter. 


Transfer Functions 


A transfer function is an expression relating the output 
of a device in terms of its input. It is simply the ratio 
output/input, and can be considered as the “blackbox” 
representation of an element in terms of its response to a 
unit change in input. To simulate a chemical process for 
analysis by the computer, the transfer functions of every 
element in the system can be found simply by imposing 
unit disturbances on the element and recording the output, 
analysis of which gives the transfer function. Use of this 
technique permits most systems to be prepared rapidly 
for analog-computer analysis—without use of any difficult 
equations, as will be described. 


Basic Computer Operations 


The four basic operations in analog simulation of a 
system are (1) multiplication, (2) addition, (3) integra- 
tion, and (4) differentiation. 

The basic element in most electronic differential ana- 
lyzers is the direct-coupled amplifier. With various feed- 
back elements, the unit d-c amplifier becomes either a mul- 
tiplier, a summing element, a differentiator, or an inte- 
grator. 


Operational Amplifier as Sign Changer 


Fig. 2 shows how two resistors are used with the ampli- 
fier to produce a sign changer, or inverter (a circuit that 


Fig. 2. Op- 
erational ampli- 
fier as sign 
changer, or in- 
venter. Point A, 
where input re- 
sistor and feed- 
back resistor 


any 
meet, is called 


E 
summing point, Ej ° 
or virtual 
ground (be- = — vn 


cause it re- 
mains at ground potential within a few microvolts). 




















Fig. 3. Various feedback arrangements convert the opérational 
amplifier (shown as triangle) into (A) summing amplifier, (B) 
integrator, (C) differentiator, or (D) generalized circuit. 
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Fig. 4. Exponential rise in capacitor voltage limits usefulness 
of conventional RC integrator. Use of operational amplifier and 
feedback (as in Fig. 3,B) eliminates effect of capacitor back 
voltage and produces a near-perfect integrator. 


A revolution is in the making. Simulation technique can put a 
working, adjustable model of a complex system in the hands of 
the plant or instrument engineer—and only empirical transfer- 
function-type equations for the equipment are required. Here 
is a complete and basic introduction to this new technique. 


multiplies the input by —-1). A triangle is the conventional 
symbol for an operational amplifier. 

In Fig. 2, E; is the input voltage; E, the output; R; the 
input resistor; Ry the feedback resistor; gain of the amp- 
lifier is 30 million; amplifier draws no grid current. 

The maximum output voltage is 100 volts. Therefore, 
the voltage at the summing point (point A) must always 
be less than 3.3 microvolts. This can be considered zero 
for computing the current I; in the input resistor. 

As point A is effectively at zero potential (within 3.3 
uv). the current in the input resistor (1;) is E;/R,; simi- 
larly, current in the feedback resistor (I) is E,/R¢. As 
there is zero grid current to amplifier, the current in the 
input resistor must equal current in the feedback resistor, 
ek: =. b. 

Thus, if Rj equals Ry, then E, = —E;j. 

Point A is called the virtual ground because it never 
departs from zero potential by more than a few microvolts. 
It is important to understand this basic feedback circuit 
because it illustrates the principle by which various opera- 
tions are performed with the operational amplifier. 

This use of total feedback around such a high-gain 
amplifier is a dramatic illustration of the entire feedback 
concept, about which so much is written. When the two 
resistors in Fig. 2 are equal, point A, the virtual ground, 
does not depart from zero potential by 1 part in 3 million; 
yet the output is a perfect inverse of the input signal. 

When a capacitor is used as the feedback path (Fig. 3), 
the summing point again remains at near-zero potential; 
yet the output becomes a near-perfect integral of the input 
signal. 


D-c Amplifier as Integrator 


Electronic integrators are used more than differentiators 
because the former are less sensitive to noise. Differenti- 
ators have larger outputs for high-frequency signals and, 
therefore, emphasize high-frequency noise impulses. In- 
tegrators, however, have smaller outputs for high-fre- 
quency signals and thus effectively reduce noise effects. 


Electronic integrators are based on the charging of a 
capacitor (Fig. 4). The voltage across the capacitor builds 
up like the volume of liquid in the storage tank—that is, 
the volume (or voltage) is proportional to the time inte- 
gral of the flow. However, the back voltage across the 
capacitor in the RC integrator produces an exponential 
rather than a linear rise in voltage. This limits the use of 
the simple RC circuit as an integrator to the small initial 
rise that is fairly linear. 

The back-voltage effect of the capacitor can be overcome 
by introducing a voltage source whose voltage is equal to, 
but whose polarity is opposite to, that of the capacitor 
voltage. This eliminates the effect of the back voltage and 
produces a near-perfect integrator. 

In practice, a high-gain amplifier (shown as a triangle 
in Fig. 3) is used to develop the compensating voltage. 
The circuit then becomes a near-perfect integrator. 


Fig. 5. Analog computer uses two types of multiplier—the 
servomultiplier and the electronic multiplier. In the servomultiplier 
the voltage e; controls a servo motor which positions all the 
ganged “pots” simultaneously. 


ELECT 
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Fig. 6. Typical process-control problem. 


D-c Amplifier as Adder, Differentiator, Etc. 


The d-c amplifier can be used as an electronic adder or 
as an electronic differentiator with the feedback circuits 
shown in Fig. 3. With resistive feedback, the output is a 
function of the sum of the several inputs; with R-C input 
and resistive feedback, the output is a function of the 
rate of change of input, and hence the circuit is a basic 
differentiator. 


Note that a d-c amplifier with resistive input and re- 
sistive feedback is a coefficient multiplier, with the out- 
put equal to the input voltage times the factor R;/R. 


Fig. 3 shows the basic computing circuits built around 
the d-c amplifiers. Each circuit can be readily and quickly 
set up in the computer by insertion of a few patch cords 
into the appropriate holes in a patch panel. The final il- 
lustration in Fig. 3 shows that the basic equation used to 
determine the input and feedback impedances for ob- 
taining any desired response is e,/e; = Z1/Zi. 


Multiplication 


Two types of multiplying devices are used in analog 
computers. One is the electronic multiplier; the other is 
an electromechanical multiplier (Fig. 5). 

The electromechanical multiplier is a variable-gain de- 
vice consisting of servo-driven and mechanically-ganged 
potentiometers which are positioned in accordance with 
the d-c input voltage. The servomultiplier, although ac- 
curate, limits the range of operating frequencies because 
of the dynamics of the servomechanism components. The 
all-electronic multiplier responds to higher input frequen- 
cies than the electromechanical type. The output voltage is 


200V 





DISTURBANCE _, 


PROPORTIONAL 
SENSITIVITY 

















BACKLASH 


Fig. 7. Computer circuit for the process-control problem of 
Fig. 6. All elements in the physical system are simulated and 
ready for computer analysis. 


proportional to the product of the two input variables and 
obeys the algebraic law of signs. 


Process Control Application 


The application of the analog computer to a process 
controller is shown in Fig. 6. It is desired to control the 
temperature of a fluid involved in a process at a point 
remote from the origin of the material. This is done by 
heating and cooling the fluid by means of a heat ex- 
changer around the fluid’s pipeline which, due to space 
problems, must be located near the origin of the fluid. 

The temperature of the fluid is sensed by a thermo- 
couple located at the point where the temperature must 
be controlled (the entrance to another phase of the proc- 
ess). The thermocouple output voltage is compared with 
the desired reference, and the temperature error signal is 
the input to a controller which modifies the signal. For 
accurate control it is necessary to use the three basic 
controller responses—proportional, derivative, and reset. 
These three signals are summed and the total signal is 
amplified in order to position (by a solenoid device) the 
spool of a pneumatic pilot valve. Pressure from this pilot 


Fig. 8. Backlash in the actuator is 
simulated by this computer circuit. 
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This basic backlash circuit is now 
available and can be used to simulate 
hysteresis, backlash, etc., in any proc- 
ess application. 








Fig. 9. Dead time (transport de- 
lay) in the process is simulated by 
this computer circuit, which is now 
available for any such application. 
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system actuates a pneumatic diaphragm motor (the actu- 
ator), which injects a mixture of hot and cold water into 
the jacket of the heat exchanger. If the fluid flowing past 


the thermocouple is too hot, the actuator causes a cooler 


mixture to be injected into the heat exchanger; if the 
thermocouple reads low, a hotter mixture is injected. 


Time Lags in System 


It is known that the valve exhibits a backlash character- 
istic due to stem friction. This hysteresis corresponded to 
about | percent of full stem travel. Due to time required 
for heat transfer, diffusion, etc., a simple time lag of about 
3.3 seconds was experienced in the heat exchanger. An 
additional time was required for the process fluid to flow 
down the line to the thermocouple. This pure dead time, 
or transport delay time, was 1 second. 

A rough preliminary analysis of the system was made 
quickly (neglecting nonlinearities and time delays) for 
the purpose of setting controller gains, etc. From these 
considerations we pass to the computer wiring diagram 
(Fig. 7). 

Let us start at any convenient point in the system, say 
the thermocouple (marked T.C. OUTPUT at top of Fig. 
7). Proceeding clockwise, the first circuit encountered is 
that for the controller. The proportional signal is com- 
puted by the top branch, the derivative signal by the mid- 
dle branch, and the reset signal by the bottom branch. All 
three signals go to the summer amplifier because the 
controller adds the signals. The output of this amplifier is 
the pilot valve signal: because the pilot valve dynamics 
can be ignored, it also represents the pressure signal to 
the diaphragm motor. 

The next circuit encountered simulates the effect of 
backlash, or hysteresis, in the diaphragm-motor valve: 
this is shown as a block in Fig. 7 marked “backlash.” The 
output of the backlash circuit is the change in temperature 
of the water ¢o the heat exchanger. Coming on around, an 
amplifier is encountered which represents the time delay 
in the heat exchanger. The final circuit (a block marked 
“dead time”) represents the transport delay, or dead time, 
of 1 second. The output of this circuit represents the tem- 
perature of the process fluid at the thermocouple. The 
closed control loop is now completely simulated. 

The circuits used to simulate backlash and dead time 
are shown in Figs. 8 and 9. Although these circuits re- 
quired much development time and work, they are now 
versatile and basic circuits that can be applied quickly to 
any similar process problem involving dead time and 
hysteresis. 


The computer circuit shown in Fig. 7, (which is the 
simulated process control problem) was wired onto the 
prepatch bay (Fig. 10). Interconnections were made to 
the console recorder which was used to give a permanent 
record of the computer “runs” or results, on 6-channel 
paper (Fig. 11). 


Analyzing the System 


The computer programming switch was turned to “Op- 
erate,’ with the computer circuit connected as shown in 
the circuit wiring diagram. The temperature of the fluid 
oscillated, or “hunted.” By adjusting the elements on the 
computer, it was found that the oscillations were caused 
by the simultaneous presence of valve backlash and trans- 
port dead time in the system. If either of these system 
elements was not present, the system did not hunt: if 
both were present the system hunted. This was demon- 
strated by observing the output temperature first with 
the backlash circuit replaced by a simple 1:1 inverter, 
and then by observing the temperature with the dead- 
time circuit out and backlash reinserted in the circuit. 
An important point is that it is often difficult or impossible 
to predict which if any of the characteristics of the com- 
ponents of a system can be ignored. For example. the 
process engineer found it difficult to accept that a 1-per- 
cent hysteresis in the valve was causing instability. 

The control system was stabilized by lowering the con- 


Fig. 10. Patching the various elements into the patch panel bay 
of the computer. 
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troller gain (by means of a potentiometer). The oscilla- 
tions became less severe and finally disappeared as the 
potentiometer gain was lowered. 

With the system stable, the effects of disturbances on 
the output temperature next were investigated. A typical 
disturbance might be a change in the temperature of hot 
water going into the heat exchanger. A voltage to rep- 
resent this disturbance was programmed into the computer 
by means of the utility switch. The response of the sys- 
tem to a step disturbance showed a prolonged response. 
The response was optimized by adjusting the controller 
parameters by means of the potentiometers. 

In a few hours of computer operation the effect of 
each element in the system was established, optimum op- 
eration of existing equipment was realized, and design 
changes were indicated if further improvement was de- 
sired. 


A Position Servomechanism Application 


Many engineering systems are systems which can be 
described by a set of linear ordinary differential equa- 
tions. Consider the simulation of a linear position servo 
system (shown at top in Fig. 12). The major components 
of this system are an input member, an output member, 
a differential device to indicate the error between the 
positions of the input and output members, an amplifier, 
and a motor which drives the output member by produc- 
ing a torque that is proportional to the error. The motor 
has a viscous drag coefficient f and inertia J. 

The equation of motion of the system is: 

J d?0,/dt? +- £d0,/dt = K « 
where K is the gain of the amplifier, ¢ is the error signal, 6 
represents angular position, and ¢ is the difference be- 
tween the output angular position, 6,, and the desired 
position 6: 
€e=— 6; ll 6, 

The computer wiring diagram for this system is shown at 
bottom in Fig. 12. The system constants can be easily 
changed on the computer by changing the input and 
feedback resistors. As in the process control application, 
the effect of each element in the closed-loop control system 
can be evaluated and optimized. 


Machine Variables and Scale Factors 
As the electronic differential analyzer is a voltage ana- 
log, all of the dependant variables of the machine are volt- 
ages. In the simulation of a dynamic system there is a 
direct relationship between the machine voltages and the 
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Fig. 11. Physical system 
is analyzed by operating 
the computer program- 
ming switch and recording 
the ‘temperature’ of the 
process liquid (and other 
elements in the system) on 
this GEDA R-5 6-channel 


recorder, 


Fig. 12. Computer analy- 

f sis of a _ position servo- 

mechanism. Top, closed- 

loop system; center, equa- 

tions of motion; bottom, 
computer diagram. 


variables in the dynamic system being analyzed. This re- 
lationship is expressed by scale factors. The scale factors 
are dimensional coefficients that are more or less arbi- 
trarily chosen by the computer operator. The choice of 
scale factors determines the voltage levels in the computer. 
Large analog voltages are desirable in order to obtain 
maximum accuracy. On the other hand, the voltages must 
not exceed the maximum voltage range of the computing 
equipment. When amplifiers are overloaded the operator 
is warned by a flashing light. 

It is desirable to know the approximate range of all 
the variables and their derivatives in order to select ap- 
propriate scale factors. If the ranges of the system vari- 
ables are not known, and if the scale factors are chosen 
incorrectly, there is a possibility of overloading. How- 
ever, this can be easily corrected by a change of scale 
factor or a redistribution of the gain in the wiring dia- 
gram. 

As an illustration of the application of scaling, let us 
look briefly at the position servo problem (Fig. 12). A 
rather high-response servo is simulated. The summing 
amplifier subtracts output position 6, from input position 
6; and multiplies the difference (error voltage) by the 
servoamplifier and motor gain K. Voltages 6, and 4; 
should be expressed as one volt per corresponding degree 
of rotation so that normal sizes of input angle commands 
and output angle responses will correspond to reasonable 
voltages, say 10 to 80 volts. For sizeable inputs it is likely 
that transient errors of several degrees will be experienced 
by the servo. For a commercial servo it is likely that the 
servo-amplifier output (Ke) would be reasonably linear 
for outputs of about 200 volts. To avoid overloading 
the computing amplifier the feedback resister could be 
lowered to K/2 so that the output of this amplifier would 
be —Ke/2. The servo output velocity might be several 
hundred degrees per sec., which would correspond to 
several hundred volts in the computer circuit. Therefore, 
it would probably be best to compute, let us say, +- (1/10) 
(d6,/dt). This can be accomplished by changing the input 
resistor of the second amplifier to 5J thus lowering the 
amplifier gain by a factor of 5. The output position 
(—6,) is computed from + (1/10) (d6,/dt) by chang- 
ing the 1.0-megohm input to the third amplifier to a 0.1- 
megohm resistor. By this series of gain settings in the com- 
puter circuit we are assured that the computing amplifiers 
will not be working in either their low-voltage or satura- 
tion ranges. 














Fig. 13. Block diagram show- 
ing transfer-function descrip- 
tions of each element in a d-c 
motor. 


Time Scale 


The applicability of analog computors can be extended 
by the use of time-scale changes. If fast or slow systems 
are to be analyzed by analog-computer methods, it may 
be desirable to change the time scale. Fast systems are 
those systems which have high-frequency components 
compared to the frequency for which the analog-comput- 
ing equipment was designed. Slow systems are those 
systems which require a relatively long time for solution. 

Real time, also known as machine time r, is the inde- 
pendent machine variable. The independent time vari- 
able t, is related to the machine time by a transforma- 
tion equation 

7=Kt 

The solution time can be slowed down by choosing 
K > 1, and speeded up by choosing K < 1. The machine 
equations are formed by substituting this equation for + 
into the original differential equations with t in them. 
The wiring diagram is then drawn from the machine 
equations. For the computer solution to be interpreted 
correctly, the machine time variable + must be trans- 
formed back to the mathematical variable t. It is often 
desirable to change the time scale after the wiring dia- 
gram is drawn. If the solution time is too short it will 
be difficult to record and read; if too long it will waste 
time. The only change necessary is a change in gain 


of each integrator (1/RC). 


Motor Analysis 


Another application of interest is the study of rela- 
tions in a simple d-c motor. The computer circuitry to 
represent this system involves the use of multipliers. The 
block diagram (Fig. 13) of the system is built up from 
the fundamental relations which describe the system: 

V; = The shunt field voltage 

®, = The shunt field flux developed 

E, — The motor back-emf 

V, = Armature voltage 

R, — The armature resistance 

® = The total flux active 

®. — The series field flux 

Tp = The torque developed by the motor 

J = The combined moment of inertia of the motor and 
load 

f = The viscous drag on the motor 

w = The motor shaft speed 

Ty = The load torque applied 

s = Operator d/dt (no initial conditions) 
































The fundamental relations that describe the motor op- 
eration are: 
©, = Kyl; 
V, = 1pRe + Lal ,/dt 
ra 8) ®, + P. 
&, = Kol, 
I; = Vi/ (1 + Ts) (Ry) 
K.®o = FE, 
V, —E,=I1,R, 
Tp = Kl, 
Jdw/dt + fo 
> ite a f)w 
The series stabilizing field wiil also be proportional to 
armature current, and the fields are connected for aiding 
fluxes. 


Computer Diagram for D-c Motor 


For purposes of this discussion, approximate con- 
stant parameters for a 1750-rpm, 5-hp motor are used. 
The computer circuit diagram (Fig. 14) for the d-c motor 
follows from the motor block diagram (Fig. 13). A volt- 
age (0.4 V;-) is applied to a time-constant circuit which 
represents the time constant of the field in order to com- 
pute the flux (—20K,,). The computer voltage repre- 
senting the flux (—20K ®) is an input to a multiplier. The 
other input to the multiplier is o/5, which, we can assume 
for the moment, has already been calculated. The output 
of the multiplier is a voltage representing the motor back- 
emf (—E,/25). This voltage is subtracted from an applied 
voltage representing the armature voltage, V,/25. In this 
same summing amplifier a gain 25/R, is incorporated. 

The voltage output of this amplifier is armature current 
(—I,). This voltage (—I,) is an input to a multiplier. 
The other multiplier input is —20 K , which was calcu- 
lated previously. The output of the multiplier is a voltage 
representative of torque developed by the motor. This 
voltage (0.27T),) is the input to a time-constant circuit 
which calculates the rotor speed resulting from the devel- 
oped torque. By means of changes in the capacitor in the 
feedback circuit, the increase or decrease of inertial load 
on the system can be simulated. The voltage output 
(—w/5) of this amplifier is, then, representative of rotor 
speed. Rotor-speed voltage is the output of the system (as 
will be recalled this voltage was needed elsewhere in the 
circuit in order to calculate back-emf on the motor). As 
a voltage representative of armature current has been 
computed, the series field flux (#2) can be computed by 
means of a simple coefficient multiplication, or gain. The 
coefficient is set on a potentiometer. The series field flux 
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Fig. 14. Computer circuit diagram 
of the d-c motor of Fig. 13. 
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is summed with the shunt field flux in an amplifier, which 
also accounts for the shunt-field electrical time delay. 
However. the series field has no time delay to speak of; 
therefore. the effect of the time-constant circuit (0.02 mfd 
in parallel with 1 megohm in the feedback circuit) must 
be cancelled by a lead-circuit input to the flux summer. 
The lead time-constant is the same as the lag time-constant 
representing the shunt-field delay. 

It is easy to observe the starting current and torque 
transients for the field and armature voltages chosen. By 
adjusting the field and armature voltage levels and the 
amount of series field (by means of the series-field gain 
potentiometer) it is possible to study their effects on the 
starting transients. This is a difficult study to make by pure 
analytic methods. 

The effects of inertial load changes on rotor speed can 
be studied. Sudden changes in inertia can be simulated by 
switching parellel capacity in and out in the feedback 
circuit of the amplifier (representing the motor load time 
delay). Both the transient or “surge” effects and the 
steady-state effects on armature current, speed, etc., may 
be observed. 

The important points brought out by this example are 
that in an analog computer (1) one may proceed from 
fundamental relationships to the complete analysis of a 
fairly complicated system, and (2) the analysis of non- 
linear systems is no less straightforward. 


Advantages of Differential Analyzer Use 


Analog computers provide several important advan- 
tages in the study of engineering problems. In linear sys- 
tems (where analytical solutions are possible) it finds ap- 
plication because of the simplicity and rapidity with which 
solutions are obtained. Particularly in dynamic systems in 
which the analytic solution involves point-by-point calcu- 
lations, the availability of a computer encourages studies 
that would be too time consuming if carried out analytical- 
ly. Where nonlinearities are involved, the only hope of 
obtaining any useful solution often lies in the use of a 
computer. A distinct advantage of the analog computer 
is that it is easily set up for problem solution. The aver- 
age engineer can learn to operate one capably in a few 
week's time. As each section of a system can be separately 
simulated if desired, the effect on the system of changing 
the transfer function of any section can be determined 
readily. This ability furnishes the engineer with a better 
understanding of the system under study because the solu- 
tions are produced in a form already familiar to him. 
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Typical Applications 


The electronic analog computer can be employed to 
study and/or design and develop any system for which 
the governing mathematical or empirical relations can be 
written. Typical applications already made include: 

1. Aircraft Engineering: 

Aircraft and missile automatic navigation and control 
problems, including autopilot design. Optimum control 
sensitivities are located in a fraction of the time possible 
by desk calculation. 

Aircraft engine controls: A test stand has been built 
which, with hydraulic and computer equipment, simulates 
the in-flight jet engine. This stand is being used to de- 
velop better automatic fuel controls for jet aircraft. 

Helicopter controls: Controls which will permit a pilot 
to leave his helicopter untended in hovering flight. 

Landing shocks: Computers have been used to develop 
an anti-skid braking device. 

Heat flow problems in structural members have been 
studied with computer aid. In the design of aircraft train- 
ers, computers have been valuable. 

The computer has been used to simulate aerodynamics 
and has been used with actual components of aircraft con- 
trols. The purpose of such setups is to find the effects of 
“bugs” in the components on the control problem. 


2. Mechanical and Automotive Engineering: 

To study vibrations in building and machine members. 

To study the dynamics of linkages, cams, valves. 

To study the design of suspension systems in automo- 
biles. 

To study the dynamics of hydraulic transmissions and 
power devices. 

To study hydraulic and heat flow problems. 

To help design pneumatic and electro-hydraulic con- 
trols for production machinery such as profilers, etc. 
Analog computers have been used as controllers for some 
production machinery. 

3. Chemical Engineering: 

In the study and design of chemical process controls. 

In continuous process analysis such as nuclear products 
process control. 

In nuclear chemistry studies of the relations in nuclear 
reactor control. 

4. Operations Research and Economics: 

Evaluation of the efficiency of a plant with breakdowns 
and maintenance considered. 

To study the economic distribution of power to loads 
from multi-station systems; in the study of the plant- 
traffic flow problem. 














Fig. 15. A complete computer set-up, showing L-3 linear com- 
puter, N-3 nonlinear computer, C. D. Morrill sitting at an R-5 
6-channel recorder, a revised Moseley Autograf recorder; an M-| 
bridge for resistors and capacitors, and an R-3 2-channel recorder. 


5. Military Engineering and Ordnance: 
War games problems have been solved. In ballistics re- 


search, trajectory problems including spin and nonlinear 


drags, etc. have been solved. 
6. Marine Engineering: 

In the study of the stability problems of underwater 
and surface vessels and investigation of propeller cavita- 
tion. 

7. Electrical Engineering: 

Research and development work in servomechanisms, 
linear and nonlinear. 

Evaluation of the effects of noise on control systems. 

Network design; pulse formers, filters. 

Analysis and development of rotating machinery and 
its control. 

Analysis of transmission lines and modulation prob- 
lems. 

Design of components such as magnetrons, cathode-ray 
tubes, and transistors. 

8. Petroleum Engineering: 

Oil-field recovery; conservation of oil by proper pro- 
gramming of pumping to get the most out of the ground. 

Pipeline analysis for oil transportation problems. 

9. Civil Engineering: 

Box-car coupling studies. 

Water-hammer problems in dam sites. 

Flood control and reservoir design. To predict flood 
crests in consideration of topology, rainfall, erosion, etc. 
10. Mathematics: 

Basic research in mathematics; solution of important 
definite integrals; research in nonlinear mechanics; con- 
formal mapping. 


Concluding Remarks 


The use of feedback in industrial process controls is not 
a new idea. Furthermore, analog computers have been 
used for about ten years in the study of closed-loop sys- 
tems. What is new, perhaps, is the application of this well- 
established tool to a well-established industry. 

One argument frequently encountered when the ap- 
plication of analog computers to industrial control prob- 
lems is suggested is that data of sufficient quantity and 
quality are seldom available. Two explanations of this 
situation are often given: (1) it is impossible, or at least 
uneconomical, to stop production long enough to obtain 
the necessary data, and (2) instrumentation, particularly 
of intermediate phases of a process, is difficult. 











There is no pat answer to this problem. 

The aircraft industry is often faced with the same 
problem. An example is the design of an autopilot for an 
airship. Equations describing airship motions are ex- 
tremely nonlinear; effective mass, lift, and drag are func- 
tions of airspeed and angle of attack. Just as it is not 
feasible to stop production long enough for the process 
engineer to obtain the data he needs, the pilot of an air- 
ship cannot maintain a given stick deflection long enough 
for the engineers to obtain all the data they need. Further- 
more, instrumentation of such variables as stick motion, 
roll angle, airspeed, etc., is no more refined in the aircraft 
industry than it is in the control industry. The aerody- 
namicist is forced to take data “on the run.” 

The procedure for attacking this problem might be: 
(1) make an educated guess as to the equations describing 
the motion of the airship; (2) obtain “in-flight” data on 
the arbitrary stick motions and resultant airship motions: 
(3) set up the airship equations on the analog computer: 
(4) reproduce the recorded stick motions as electrical 
signals and apply them to the computer; (5) observe the 
computed airship motions, compare them with the re- 
corded motions, and modify the equations until satisfac- 
tory agreement between the two is reached. 

There are two fundamentally different approaches to 
analog computing. One of these is the mathematical ap- 
proach wherein equations—usually differential equations 
—are solved in a straightforward manner. Where integra- 
tion is indicated, an integrator is used; a change of scale 
calls for the use of a potentiometer, etc. 

The second approach, the one employed in this article. 
emphasizes simulation. Where a time constant is indi- 
cated, an equivalent electrical network is used: dead 
space, backlash, dead time, limiting, are simulated by 
electrical or electronic circuits exhibiting analogous char- 
acteristics. Only transfer-function-type (empirical) equa- 
tions for the equipment or process are required. 

The principal advantage of the mathematical approach 
is that the transition from solving equations analytically 
or by means of a desk calculator to solving them on an 
analog computer is less abrupt. In addition, patching is 
usually simpler and requires less time. 

There are several advantages to the simulation approach 
to analog computing. The first advantage is that greater 
flexibility is afforded. This increased flexibility almost 
always results in a greater economy of computing units; 
the number of operational amplifiers required to solve a 
particular problem may be reduced by 2:1 or more. This 
greater flexibility also permits the inclusion of the type of 
nonlinearities or discontinuities frequently encountered 
when attempting to improve the reliability or reduce the 
cost of a control system by using off-on actuators, satur- 
able amplifiers, inexpensive gearing, or time-shared com- 
ponents. Perhaps the most important advantage of the 
simulation approach to analog computing is that the 
engineer obtains a much better grasp of the system he is 
studying and is, therefore, better able to improve its re- 
liability and performance. 

One question which frequently disturbs many potential 
users of analog computers is: “How can I be sure that 
the analog computer will actually do for me what is 
claimed”? Fortunately, this is no longer a serious prob- 
lem. Most manufacturers of analog computers maintain 
some facility for solving problems for a nominal fee. In 
addition, there are many computing centers located 
throughout the country which will handle on a contract 
basis problems requiring computers. Today there is no 
reason why every company with extensive use of control 
equipment should not investigate fully the advantages it 
may derive through the use of analog computers. 
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Brig. 1. Model 16-31R analog computer. 
Fig. 2. Inserting patch panel into computer. ——»> 


A Practical Approach to 


ANALOG COMPUTERS 


substantial record of achievement. Initially assem- 

bled to solve problems of guided-missile trajectories 
and airframe design, its use has spread rapidly into other 
fields. Process control studies and analysis of automatic 
control systems are probably the most important and 
promising of these new fields. 

Use of the analog computers is presently limited by 
lack of familiarity with them by many engineers. The 
numerous knobs, dials, and indicators tend to confuse the 
neophite and give the impression of complexity. However, 
an analog computer is simple to operate, and the average 
engineer who has some electrical experience can be taught 
to operate it in as little as eight hours. With a week of 
practice and study he can successfully set up and run 
routine problems. 

This article has been written for such an engineer— 
one who has heard glowing descriptions of what analog 
computers can do and who wants to know how the com- 
puter would solve such problems. Although more than 
twenty-five types of analog computers are available in 
today’s market, the basic principles by which they operate 
are virtually identical so that a detail description of one 
type will provide an adequate introduction to the field. 
The following is based on the Electronic Associates’ Mod- 
el 16-31R (Fig. 1), a typical general-purpose computer. 


TT ssbaase ANALOG COMPUTER has behind it a 


Presented at the Computer Clinic, First Automation Ex- 
position, New York, N. Y., Nov 30-Dec. 2, 1954. 
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Electrical Analogs 


In an analog computer, physical variables such as 
weight. temperature, or area are represented by voltages— 
that is, voltage is the electrical analog of the variable being 
analyzed. Arbitrary scale factors relate voltages in the 
computer to the variables or parameters in the problem 
being solved. These scale factors may be of the form 5 
volts equals 1 inch; 100 volts equals 0.4 square feet; 
-100 volts equals 2 ounces, etc. Either positive or nega- 
tive voltages can be used to represent physical quantities 
in the problem. 


Reference Supplies 


All signal voltages within the computer are obtained 
directly or indirectly from a master voltage source known 
as the reference supply. This supply has two output volt- 
ages, -100 and +100 volts. The computing units are de- 
signed so that they will operate reliably on these voltages. 
In problems where the answer is appreciably larger or 
smaller than the input quantities, different scale factors 
are used for inputs and outputs or within the problem. 
This is not difficult. In some cases, the components are 
more accurate if used at higher voltages. This dictates 
using large scale factors to retain accuracy, but not large 
enough to exceed the 100-volt limitation. Practical prob- 
lem set up requires a compromise between these two 
effects. 





Fig. 3. Panel being patched externally to the computer. Note vari- 
ous lengths of patch cords and solid “bottle plugs'’ used to con- 
nect any two adjacent holes on the patch panel. 


Fig. 4. Attenuator 
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switch. 
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Fig. 5. Attenuators. Left, conventional electronic symbol; right, 
computer symbol for attenuator number 1/4. 


In the preceding article, the basic operations and _tech- 


JOHN D. STRONG 


Electronic Associates, Inc. 


niques for use of a general-purpose analog computer were 
discussed, with emphasis on applicable techniques. Now 
we look more closely at each unit—attenuators, ampli- 


fiers, ete.—and go to work setting up specific problems. 


Input Equations and Data 


Two types of input information are required for the 
computer. The first type is the mathematical equations 
describing the problem. These equations are set up on the 
patch board which is inserted into the computer (Fig. 2). 

The problem boards may be set up, or “patched,” ex- 
ternal to the equipment (Fig. 3) or while the patch board 
is in place in the computer. Safety features are incorpo- 
rated in the equipment to prevent computer damage from 
patching errors. Patching is performed with shielded 
patch cords of various lengths, as shown in Fig. 3. The 
shield is connected to a metal sleeve at each end of the 
patch cord and is grounded when the patch cord is in- 
serted into the aluminum patch panel. The signal pin at 
each end of the patch cord contacts a spring behind the 
patch panel. Two-prong red and green bottle plugs are 
used to connect two adjacent holes on the patch panel. 
Four-prong orange bottle plugs are equivalent to two 
green bottle plugs side-by-side. 

The second type of input information consists of nu- 
merical values for the constants and parameters in the 
problem. This data is inserted by means of attenuators 
(potentiometers) which are located above the control 
panel (top of Fig. 1). Each attenuator has a dial which 
enables it to be set to within + 0.5 percent of the proper 
value. As many problems require greater precision, more 
accurate means are usually used to set attenuators to an 
accuracy of + 0.01 percent. 


Attenuators 


Attenuators are represented by the symbol shown in 
Fig. 5, where the number in the circle indicates which at- 
tenuator is to be used. This symbol is equivalent to the 
conventional radio symbol for an attenuator, as shown in 
Fig. 5. Normally, two leads are brought from each at- 
tenuator to the prepatch panel, the arm (output) and the 
top (input). The bottom end is grounded at the poten- 
tiometer and does not appear on the patch panel. 

A switch below each attenuator (Fig. 4) enables it to be 
connected to the plus or minus reference supply; this re- 
duces the number of patch cords used and the time re- 
quired to patch problems. Fig. 6 shows the patch-panel 
terminations for a typical attenuator. Occasionally it is 
desirable to apply a voltage to the bottom of an attenuator 
as well as to the top. Therefore, a few attenuators are 
connected as shown at the right in Fig. 6. 


+100, +100: 
: = 
-1000 
O; O- 





























Fig. 6. Attenuator terminations, grounded (left) and ungrounded 
(right). 
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Fig. 7. Triangular symbol for the operational amplifier, a high- 
gain d-c amplifier with a gain of 300 million. The operational ampli- 
fier is a basic computer element because, with simple feedback cir- 
cuitry, it becomes an inverter, summer, integrator, etc. 
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Fig. 8. When Ry equals R; {1 megohm in practice), the opera- 
tional amplifier is an inverter—that is, it multiplies the input by 
minus unity. Symbol for inverter is shown at upper right. Note that 
for other values of Ro the circuit is a coefficient multiplier. When 
several inputs are used, as in Fig. 9, the circuit is a summing 


amplifier. 


Operational Amplifiers 


Several mathematical operations, including addition 
and subtraction, are performed by a component known 
as an operational amplifier (Fig. 7). These d-c ampli- 
fiers have a high gain: an input voltage of plus 1/300 
millionth of a volt produces an output voltage of minus 

volt. In other words, the gain of the amplifier is 300 
million. 


Inverter 


Fig. 8 shows use of an operational amplifier as an in- 
verter (multiplication by —1). If Ro = Ry, the output volt- 
age will substantially equal the negative of the input volt- 
age. For an amplifier gain of 300,000,000 the error in the 
output is less than one part in 100,000,000. The standard 
value of Ry and R, for inverting amplifiers is 1 megohm. 
The symbol for an inverter also is shown in Fig. 8. 


Frequency Response 


The frequency response of an inverter is flat (= 6 per- 
cent in amplitude) from zero to 20 ke. In order to keep 
errors below 0.01 percent, the inverter is used only from 
zero to 100 cycles per second, where its frequency re- 
sponse is flat within + 0.01 percent in amplitude. This is 
usually not a limitation because the devices which plot the 
output of an analog computer cannot respond accurately 
to frequencies above 50 cycles per second. 


Summer 


It is possible to connect additional input resistors to an 
inverter as shown in Fig. 9. If all of the input resistors 
and the feedback resistor are equal, the output will be 
the negative sum of the input voltages. By changing the 
ratio of an input resistor to the feedback resistor, it is 
possible to multiply an input by that ratio before it is 
added. In the standard summing amplifier with 5 inputs 
(Fig. 10), first input resistor is 0.1 meg (multiplying the 
first input by 10 before it is summed) ; the next input re- 
sistor is 0.2 meg (multiplying by 5 before the addition) : 
the remaining inputs use 1 meg resistors. The output of 
the summing amplifier is: 

1 (10 Input, + 5 Input. + Input; + Input, + Input; ) 


The operational amplifiers are located on chassis 


Page 604—J/ nstruments & Automation—V ol. 28 


INPUTS OUTPUT 


Xi 





ETc. 


Fig. 9. Schematic for summer. 
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Fig. 10. Standard summing amplifier with 5 inputs. 


mounted in the control console or adjacent racks. Two 
amplifiers are mounted on each amplifier chassis (Fig. 
11). Balancing adjustments and overload indicators are 
located on the front panel of the chassis. The input re- 
sistor and feedback resistor are located in a thermostatical- 
ly controlled oven. 

Ten dual-amplifier chassis are provided on the basic 
16-31R computer (Fig. 1); 14 dual chassis can be sup- 
plied on a vertical grouping called the 16-31C Amplifier 
Group if more amplifiers are required. 


Summer Terminations 


Amplifiers 21 to 48 are connected as summing ampli- 
fiers, and their terminations appear on the patch panel 
as shown in Fig. 12. The four holes in the top of the 
pattern should be filled with a four-prong bottle plug. This 
connects the feedback resistor and the input resistors to 
the summing point. Connections for the rest of the holes 
are shown at the right (assuming that the bottle plug is in 
place). Several output connections are made available so 
that the summer may be connected to various places within 
a problem simultaneously. Only those inputs which are 
used need be connected. (Amplifiers 1 to 20 are connected 
as combination—integrating or summing—amplifiers. as 
will be described later. ) 


Fig. 11. Dual-amplifier chassis. 
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Fig. 12. Summing amplifier pattern on patch panel [left) and 
terminations (right) showing how patch panel is connected in- 
ternally to summing amplifier. 


Typical Addition-Subtraction Problem 


We have glanced at the elements in the general-purpose 
analog computer and their appearance on the computer. 
Let us now consider a sample addition: 

x = 0.3A + 1.404B - 0.159C — 15D - E 

The machine schematic for making this addition is 
shown in Fig. 13. As two factors are added and three sub- 
tracted, two amplifiers must be used—one for inverting 
the positive factors. Amplifier number 6 in Fig. 13 is used 
to add and invert the A and B terms. Amplifier number 7 
performs the final addition. 

Input A is connected to the top of an attenuator set to 
0.3, and the arm is connected to a 1 input of summer 6. 
Input B must be multiplied by 1.404 before inversion. The 
method shown in Fig. 13 requires setting an attenuator 
to one-half the desired value and connecting the arm to 
two |-inputs simultaneously. 

Another method which could have been used would in- 
volve setting the potentiometer to one-fifth of the desired 
value and connecting the arm to a 5 input. The output 
of amplifier 6 (—0.3A—1.404B) is connected to a ] 
input in Amplifier number 7. Input C is connected to an 
attenuator set to 0.159 and the arm is connected to a | 
input. Input D is connected to a 10 and 5 input simul- 
taneously to give the required multiplication factor of 
15. Input E is connected directly to a 1 input. The output 
of Amplifier number 7 is then + x. 


Loading Effect 


In Fig. 13 the numbers above the attenuator symbols 
refer to the “setting” of the attenuator. The setting is 
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Fig. 13. Machine schematic for sample addition-subtraction prob- 
lem: x = 0.3A + 1.4048 — 0.159C — 15D — E. Amplifiers | through 
5 provide inputs A, B, C, D, and E. Attenuators |, 2, and 3 attenuate 
A, B, and C as required. Summing amplifier 6 sums up the two posi- 
tive inputs and delivers them as a negative sum to summing ampli- 
fier 7. Amplifier 7 sums all five terms and delivers a positive 
output, which is the desired sum, + x. 
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Fig. 14. Attenuator multiplies by a fixed factor which must be less 
than unity. 


defined as the ratio of the voltage at the arm to the volt- 
age at the top of the attenuator. If nothing is connected 
to the arm, this setting will equal the attenuator dial read- 
ing. In practice the arm is usually connected to a load 
such as a 1-megohm or LOOK amplifier-input resistor. The 
current drawn by such a load reduces the voltage at the 
arm below the value indicated by the dial setting by as 
much as 5 or 10 percent. This is known as a loading effect. 
To correct this effect it is necessary to set the attenuator 
dial somewhat higher than the “setting” by an amount 
known as the loading correction. It is theoretically pos- 
sible to set the attenuator dial higher by an amount indi- 
cated by a loading correction graph. In practice this is 
undesirable because it does not take into account linearity 
errors in the attenuator. A more convenient and accurate 
method involves applying 100 volts to the top of the at- 
tenuator while the load is connected to the arm. The dial 
is then adjusted until the voltage at the arm is correct. 
The voltmeter used must be accurate and must have a high 
input resistance so that it will not cause loading errors. 

The problem in Fig. 13 presumes that the input volt- 
ages A, B, C, D, and E are available only in their posi- 
tive form. Frequently, in problem hook ups, various volt- 
ages are available only in their minus form, or sometimes 
in both minus and plus forms. If voltages A and B had 
been available in their minus forms, it would not have 
been necessary to use Amplifier 6 in Fig. 13. 


Multiplication 


Multiplication by a fixed quantity can be performed as 
indicated in Fig. 13 by using attenuators and summing 
amplifier inputs of 5 or 10. The attenuator alone (Fig. 
14) multiplies by a fixed factor of less than unity. 
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Fig. 15. Servomultiplier uses servo motor to position attenuators. 
Input x (positive only) causes servo motor to position both attenu- 
ators. Therefore, output of bottom potentiometer is Ax. Top po- 
tentiometer (or cup) is simply a follow-up cup. A can be posi- 
tive or negative. 





Fig. 16. Servomultiplier chassis contains servo amplifier, servo 
motor, and six cups. 
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Fig. 17. Servomultiplier for multiplying two voltages (A and x) 
when either can be positive or negative. Top cup (potentiometer) 
is follow-up cup positioned by x input; output is taken from bot- 
tom cup. Note how addition of one inverter accommodates nega- 
tive x inputs (compare with Fig. 15). 
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Fig. 18. Servomultiplier terminations on patch panel, showing five 
output cups and one follow-up cup. 





Multiplication by a varying quantity may be performed 
by an attenuator which is automatically positioned by an 
electric motor. This type of multiplier is known as a 
servomultiplier (Figs. 15 and 16). 

The servo amplifier (Fig. 15) measures the difference 
in voltage between the two d-c inputs, and converts it to 
a 60-cycle voltage which drives the servo motor. This 
motor is geared to two or more attenuator arms. The at- 
tenuators are single-turn, 5-inch precision potentiometers, 
(Helipots), usually referred to as “cups” because of their 
shape. 

In Fig. 15, voltage A may be either positive or negative 
and the output will change sign accordingly. The input 
voltage x can only be positive because a negative x would 
make the servo turn until it hits the limit stop at the bot- 
tom of the cups. The output will then be zero and hence 
incorrect. 

To multiply two voltages when both may become either 
positive or negative, the circuit of Fig. 17 is used. If x 
is positive the servo will move to a point on the upper 
half of the cups corresponding to a setting of x/100: the 
output voltage on the arm of the second cup will be 
Ax/100. When x is negative the servo will move to a 
setting of x/100 on the lower half of the cup: this half 
of the cup is supplied from an inverter whose output is 

A, and the output voltage will be negative as required. 


Servomultiplier Terminations 


A standard servomultiplier (Fig. 16) has 6 cups (1 
follow-up cup and 5 output cups) and appears on the 
patch panel as shown in Fig. 18. Connections from the 
multiplier to the patch panel are shown in Fig. 19. 

For convenience in applying voltage to the follow-up 
cup, reference voltages are located directly above the 
follow-up in the pattern. When the multiplier is positive, 
only ¢he CT holes in the pattern are not used. Fuses 
are mounted in the multiplier chassis so as to protect all 
cups in event of patching errors. 


Squaring and Cubing 
By using more than one output cup on a servomulti- 
plier, squares and higher powers may be generated. The 
circuit for generating x* and x* for positive or negative x 
is shown in Fig. 20. 
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Fig. 19. Connections (internal) showing how each element on 
servomultiplier chassis (6 cups and servo amplifier) are connected 
to patch panel. 





Multiplier Loading 


As with attenuators, a loading error occurs in multiplier 
cups due to amplifier inputs or other loads connected to 
them. (No loading error occurs in the follow-up. cup be- 
cause the servo amplifier draws no current from its inputs 
after the servo reaches its proper position). To overcome 
this difficulty, a loading resistor is connected to the follow- 
up cup arm (marked LD in the pattern in Fig. 18) so that 
it will be loaded the same as the output cups. 


Sample Polynomial Evaluation 


The squaring and cubing circuits can be used to evalu- 
ate polynomials of the following type where x is known 
and y the unknown: 

y = 0.42 x* — 0.393 x? + 3.14 

\ computer schematic for one method of solving this 
equation is shown in Fig. 21. The value of x is set on 
attenuator 1 and the output read with a voltmeter at 
amplifier 6. Strickly speaking, amplifier 2 is not re- 
quired since —x might be obtained directly from the arm 
of attenuator 1, although its loading would be high due to 
the bottom half of the x? multiplier cup. If we are to 
use the dial on attenuator 1 for even a rough indication 
of x, it will be considerably more convenient to have it 
loaded by an amplier input of 1 megohm rather than a 
“one-half cup” of 15,000 ohms. 

The squaring and cubing circuits in Fig. 21 differ 
slightly from those previously given in order that the 
x? and x® terms will be generated with the proper signs 
to be used directly as inputs to amplifier 6. 
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Fig. 20. Circuit for generating x> and x® when x is positive or 
negative. Note that this is a servomultiplier with x input connected 
to both amplifier and multiplying cup. 
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Fig. 21. Computer schematic for solving polynomial equation 
pore at lower right. (Correction: 4.2x° should be 0.42x? at lower 
right. 
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Fig. 22. Computer schematic for solving polynomial equation 
after using scale factors Y = 10y and X = 50x. 


Fig. 2] is am unscaled schematic—that is, no consider- 
ation has been given to scale factors or the magnitude of 
voltages within the problem. Determination of scale fac- 
tors is the next step. 


Scale Factor 


Let us assume that we wish to determine the value of y 
as x varies between —0.1 and 2.0. We first determine the 
approximate maximum values of the answer and the var- 
ious terms in the equation: 


Table—Approximate Values of Terms 


Term at x = —0.l tx — 20 
(0.42 x* 0.0004. 44.0 

0.393 x? 0.004 L.5 
13.14 +-3.0 +-3.0 

\ +-3.0 +5.5 


lt appears safe to assume that y will be always less 
than 10. We then can scale the output of amplifier 6 so 
that it will be 100 volts when y = 10 and be fairly sure 
that it will not be overloaded during the problem run. 
If the output of amplifier 6 is called Y, then Y = 10y 
indicates the scale factor to be used for the answer. In 
accordance with analog-computer practice, small letters 
represent the variables in the physical problem and carry 
their normal problem dimensions; capital letters describe 
the corresponding variables in the computer and carry 
the dimensions of volts with maximum values of +100 
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Fig. 23. Integrator is 
operational amplifier with 
feedback capacitor. A 
shows circuit; B is the 
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multiple-input integrator 
with various integration a 
rates. (See Fig. 24). 
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Fig. 24. Integrator output for various inputs (left), and (right) 
outputs with various initial conditions (as set up at IC on patch 
panel—see Fig. 25). 


and —100 volts. (Some operators prefer the system in 
which computer variables are expressed as fractions of 
100 volts. Their maximum values are then +1 and —1. 
Either system may be used although the “‘volt”’ system ap- 
pears more convenient in practice. ) 

Optimum scaling requires that the maximum value of 
the setting on attenuator | be 1.0, corresponding to X 

100. If X = 100 volts when x 2.0, then X = 50x. 
Substituting Y l0y and X 50x in the original 
equation yields: 

Y = 0.0000336 X* 
This may be re-written: 
Y = 0.336 X* /100? — 0.157 X* /100 + 31.4 

The scaled schematic based on this equation is shown 

in Fig. 22. 


0.00157 X? + 31.4 


Plotting Curves 


Although the polynomial may be evaluated point by 
point, it is usually more desirable to graph the answer on 
an X-Y plotting table whose pen is moved independent- 
ly in the X and Y directions by two servos similar to those 
in the servomultiplier. Theoretically, it would be possible 
to plot the polynomial by connecting the arm of attenuator 
1 to the X input of the plotter and the output of amplifier 
6 to the Y input of the plotter. By turning attenuator | 
slowly by hand, the function would be plotted automatical- 
ly. In practice, this method is too tedious. A device is 
needed which would generate an output voltage which in- 
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Fig. 25. Combination amplifier appears on patch panel as at left. 
With bottle plug inserted in 2nd and 3rd row (covering the word 
SUM and exposing the word INT), amplifier is connected as inte- 
grator as shown at right. 


creases linearly with time and could replace attenuator 
1. The device used in analog computers to perform this 
function is an integrating amplifier. 


Integrating Amplifier 


The integrating amplifier, or integrator, is identical to 
a summing amplifier except that the 1-meg feedback re- 
sistor is replaced by a 1l-microfarad feedback capacitor 
(Fig. 23). For a constant input voltage, the output will 
be a linearly changing voltage as shown in Fig. 24. For 
a —1 volt input, the output will increase at a rate of +1 
volt per second until the input is removed or the amplifier 
reaches its maximum output voltage. If x is the input and 
y the output, x = —dy/dt, or y = —fx dt. 

Multiple inputs may be used with an integrator, as with 
a summer. The symbol for a seven-input integrator is 


shown in Fig. 23, C. 


Initial Condition 

In many problems it is desirable to start an integrator 
at some voltage other than zero at the beginning of a 
problem (Fig. 24). This voltage is known as the initial 
condition of the integrator, and represents the value of 
the integrated variable at t = 0. An input marked IC is 
provided in the integrator pattern on the patch panel for 
insertion of the initial condition voltage. The integrators 
are set to their initial-condition voltages when the main 
control switch is turned to RESET. 
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Combination Amplifier 

Amplifiers 1 to 20 are connected as combination ampli- 
fiers—that is, they may be used either as integrating 
amplifiers or summing amplifiers. Their pattern on the 
patch panel is shown in Fig. 25 (left). To use the ampli- 
fier as a summer, a 4-prong bottle plug should be inserted 
in the top four holes, leaving the word SUM exposed 
(Fig. 26). To use the amplifier as an integrator, the bot- 
tle plug is moved down one row, leaving the word INT 
exposed (Fig. 25). 


Main Control Panel 

The switch used to start and stop problems is located 
on the main control panel (to the left of the panel indi- 
cator in Fig. 1). It has 6 positions: STAND BY, REF 
OFF, POT SET, RESET, HOLD, and OPERATE. 

In STAND BY, the plate supplies are off: in REF 
OFF, the plate supplies are on but the reference supplies 
are off; the switch should be in this position when patch 
cords are being removed or inserted in the patch panel. 
In POT SET, the reference voltages are turned on, and 
all amplifier input resistors are disconnected from their 
amplifiers and connected to ground. This permits at- 
tenuators to be set with the proper loading. Integrators 
are set to their initial conditions in RESET, and the prob- 
lem is started by turning to OPERATE. If the operator 
desires to stop a problem before completion, he may do 
so by turning the main control switch to HOLD. In this 
Page 609 
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position he can measure voltages within the problem in 
order to locate errors or determine magnitudes of the 
various terms in the equations. To continue the problem 
again, he turns the switch back to OPERATE. The sum- 
mers will function as summers in the last three positions 


RESET, HOLD, and OPERATE. 


Falling-Body Problem 


An extremely simple problem which demonstrates the 
use of integrators is the falling-body problem. A body 
falling freely obeys the equation 

d*x/dt? = -g 
where x is the height of the body (plus x is up), and g 
is the acceleration due to gravity. This may be solved 
on the computer as shown in Fig. 27. 

With attenuators 2 and 3 set to zero, the computer will 
solve the case of an object which is dropped “down a 
well”—that is, the initial position and velocity are zero. 


Time Scale for Falling-body Problems 


If we were interested in the falling body over a 10- or 
15-second period, we would probably choose to solve it in 
“real time,” where one second on the computer corre- 
sponds to one second in physical problem. If the solution 
had concerned the trajectory of a bomb dropped from 
high altitude, we might find the solution time of 3 or 
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Fig. 27. Computer solution for falling-body problem. 


1 minutes inconveniently long. In such event we can 
speed up the computer solution by making a time-variable 
substitution. 

If t = time in the physical problem, and T = time in 
the computer, we can speed up the problem by a factor of 
5 if we let 

oat 
so that 
d?x /dt* (1/25) d?x/dT? 
The original equation may now be written: 
d*x/dT* = —25g 

Many problems are sped up or slowed down in this 
manner so that their solution times are between 10 seconds 
and 1 minute. 


Spring Problem 


Another simple problem is that of a weight suspended 
on the end of a spring. Its equation of motion is 
d*x/dt* = -kx 
Fig. 28 shows the computer setup for solution of this 
problem. 


Special Computing Elements 


Needless to say, problems that warrant use of analog 
computers are considerably more complex than those men- 
tioned; many other components are available for special 
functions required in these complex problems. Diodes 
and other nonlinear elements are used to simulate limit- 
ing. backlash, or hysteresis. Tapped multiplier cups and 
diode function generators are used to produce nonlinear 
or empirical functions. Resolvers are used to produce 
sine and cosine terms, and to resolve rectangular to 
polar (or polar to rectangular) coordinates. 
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Error Detection 


Many techniques may be used for checking results. The 
most commonly used method involves a check solution 
for a simple case of the problem. The test solution is run 
at the beginning and at the end of the problem. If the 
computing schedule extends over one or more weeks, the 
check solution may be run every three or four days. These 
check solutions are usually obtained by hand computa- 
tion, and the examples are chosen to be as simple as pos- 
sible to minimize the amount of hand computation neces- 
sary. In large analog-computing laboratories, solutions 
from digital computers are commonly used to check 
analog solutions. Some digital-computer groups have ana- 
log computers to check their digital computers. 


Analog vs. Digital 


People who are unfamiliar with computers are prone 
to ask: “Which is better, a digital or an analog com- 
puter’? 

The answer is that neither is always better, the choice 
depends on the type of problem to be solved. A few prob- 
lems require one-part-in-a-million accuracy and must be 
done on a digital computer. Ordinary problems should 
usually be solved on an analog computer because the ac- 
curacy requirements are not nearly so great. 


n d2x 2 ax 
ae aa dt 








Fig. 28. Computer solution for spring problem. 


Problems in which no more than 100 or 200 input 
quantities are involved can be done by analog computa- 
tion, but for 1000 or more. digital techniques are indi- 
cated. Problems which require masses of tabulated output 
data should be done digitally: problems requiring graphi- 
cal output usually are better suited to analog equipment. 


Computing Speed 


One important advantage of the analog computer is 
its computing speed. As it performs all of its computing 
operations simultaneously (instead of sequentially as in 
a digital computer) the running time is independent of 
the size of the problem. On large problems the advantage 
is tremendous. One large analog-computing laboratory. 
which has acquired a digital computer for checking pur- 
poses, reports a speed advantage on some of their prob- 
lems of over 100 to 1. 


Conclusion 


Today, the analog computer is becoming an integral 
part of every well-equipped engineering laboratory. It 
is finding more and more applications in the engineering 
and scientific fields, as well as in the process control and 
automation fields. It provides a new tool by which the 
plant engineer can see the results of equipment and 
controller installations or changes without costly experi- 
mentation. As is true throughout the field of industrial 
instrumentation, the power of each new instrument must 
be demonstrated by teaching the operating personnel. 
These articles have shown the simple elements of analog 
computers (attenuators, amplifiers, patch panel, etc.), the 
method for set-up and use of the computer, and the various 
techniques for solutions of problems. 
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John H. McLeod, Jr., EDITOR 
Suzette McLeod, SECRETARY 


I!—to our old friends—and a 

more dignified “Hello” to our 

new acquaintances. If you are 
surprised to see the Newsletter here, 
we are astonished! 

Our friends and subscribers—and 
these appellations do not necessarily 
mean the same people—may skip the 
next few paragraphs while we explain 
our presence to those who never heard 
of the Simulation Council. 

We! are surprised (and honored) 
to be here because when I? first be- 
came interested in instruments and 
automation I was gaging tanks in 
Shell’s NORCO refinery. Some of us 
there wanted to know more of the 
“why” of what we were doing, and 
Instruments (no Automation then) 
became our handbook. The “why” led 
me to join Taylor Instrument Com- 
panies, where I contended with the 
vagaries of control instrument appli- 
cations. Then after a brief hitch in the 
Navy, during which time we (the 
USN) were not doing so well*, | 
joined Leeds & Northrup in Research 
and Development. There I majored 
in design and minored in entomology, 
the latter so that I could cope with 
the bugs in the former. Then I came 

California and became involved, 
willy-nilly, in analog computation and 
simulation. When I found that I knew 
nothing of this then-new field, I 
screamed for help. The Simulation 
Council was the answer. 

The Simulation Council was formed 
in November, 1952 by representatives 
of organizations in search of a way 
to keep informed about improved 
techniques and equipment for simula- 
tion, and to minimize duplication of 
effort in the solution of common prob- 
lems. 


“We is the editorial we and here 
means Suzie and me. 
*First person single, i.e. “B.S.”-—before 
Suzette. 

*No correlation has ever been proven. 
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Western Simulation Council 


Otis L. Updike, U.S. Naval Air Missile 
Test Center, Pt. Mugu, Calif.; Chairman, 
Steering Committee. 


Box 731, Camarillo, California 


Midwestern Simulation Council 


L. M. Warshawsky, Wright Air Develop- 
ment Center, Wright-Patterson Air 
Force Base, Ohio; Chairman, Steering 


Committee. 


To accomplish this it was obviously 
necessary to improve communica- 
tions. To this end it was decided that 
the Simulation Council would hold 
meetings to generate information, and 
publish a Newsletter to disseminate it. 

The bimonthly meetings of the 
Western, Midwestern, and Eastern 
Simulation Councils have two objec- 
tives: to discuss aspects of simulation 
in which an outstanding interest has 
been shown, and to visit different 
simulation facilities. We believe that 
we can best direct our own efforts 
and improve our operational tech- 
niques by knowing what problems 
others face and what is being done 
about them. 

The Newsletter is not a technical 
publication. It will not tell you how to 
solve your difficult simulation prob- 
lems. We do, however, endeavor to 
create an environment better suited 
to the solution of these problems by 
improving communications. While 
recognizing their value, we do not 
publish technical papers. /nstruments 
and Automation and other qualified 
publications do an excellent job in 
this area. The Simulation Council 
Newsletter concerns itself with the 
groundwork, the problems and _pos- 
sible solutions, the people and their 
half-baked ideas, and the sometimes 
haywire equipment that make these 
accomplishments possible. We try to 
tell you who is doing what, with which 
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Eastern Simulation Council 


Harold K. Skramstad, National Bureau 
of Standards, Washington, D.C.; Chair- 
man, Steering Committee. 


kind of equipment, and where you can 
find out more if you are interested. 

One does not “join” the Simulation 
Council, but rather “participates” by 
attending meetings, subscribing to 
Instruments and Automation, or con- 
tributing information. We give manu- 
facturers an opportunity to describe 
and demonstrate what is available, 
and allow the user to say what he 
thinks about it! 

Our format will probab'y change 
from time to time as occasion war- 
rants, or simply when we feel like a 
change. With this issue “Coming 
Events” has been deleted; the infor- 
mation formerly given under that 
heading will be found in “Events” 
elsewhere in this magazine. 

After this introduction there will 
be “Bits”’—the smallest units of 
formation. This is the first section of 
our regular format, and is intended 
to give the reader an idea of what is 
to follow so that he can stop, skip, ot 
read on as he sees fit. 

Next comes “Pieces” —the pieces of 
information and comment which con- 
stitute the stories of our Simulation 
Council meetings. 

Finally there is 
(without Theory)” which, as the title 
indicates, is miscellaneous informa- 
tion which may or may not be rele- 
vant, and is thrown in for no better 
reason than that we found it interest- 
ing, or amusing, and hope you will. 


“Information 
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As you have noted if you’ve read 
this far, this month’s Newsletter is 
first concerned with introducing it- 
self in its new environment. If you 
care to read further you will also find, 
under “Pieces”, comments on the 
Louisiana State University High- 


Speed Computer Conference where 
your Editor spoke and urged the 


BITS 


further use of computers in our tech- 
nological race with Russia; notes on 
the Western Computer Conference by 
Dr. Otis Updike; and Saul Yochel- 
son’s story of the February meeting 
of the Midwestern Simulation Coun- 
cil at the University of Michigan. 
Under “Info” we have some quot- 
able quotes, a letter from one of our 
female readers, and assorted trivia. 


PIECES 


NOTES ON THE L.S.U. 
HIGH-SPEED COMPUTER 
CONFERENCE 


When your Editor was invited to 
speak at the High-Speed Computer 
Conference held at Louisiana State 
University in Baton Rouge on 14, 15, 
16 February, I thought this would be 
a wonderful opportunity! to talk on 
my favorite subject, the technical pos- 
sibilities and the sociological effect 
of applying computer techniques to 
industrial problems—both in the 
plant and in the office. As my re- 
marks elicited a good discussion, | 
considered the talk a success. How- 
ever, there was only one thought 
which I expressed there and which I 
would like to repeat here. It is, that 
with Russia turning out engineers at 
a rate estimated from three to five to 
our one—and there is no reason to 
believe that they are not good ones- 
to maintain our very existence will 
require that we use our engineering 
manpower three to five times as ef- 
fectively as they do. Computers can 
help. 

Applied to industrial processes 
computers can improve and extend 
automation and thus free operating 
engineers for creative work. And they 
can increase the effectiveness of en- 
gineers already doing creative work, 
not only by relieving them of routine 
time-consuming computations, but by 
making it possible to solve problems 
heretofore impractical or impossible 
to handle. Finally, as powerful tools 
of management, computers can help 
increase the efficiency of plants and 
thus the effectiveness of the engineers 
they employ. 

We will not attempt to report on 
the other talks at the Conference be- 
cause they were (except for one by 
H. M. Martinez of Berkeley Scientific 


‘It was also a wonderful opportunity 
to take in the New Orleans Mardi 
Gras. We were not involved in those 
riots! 
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Division of Beckman Instruments, 
Richmond, Calif., on “Operational 
Equations for Programming Electron- 
ic Analog Computers’’) all concerned 
with business procedures and/or 
digital computers. 

We were surprised at the interest 
in high-speed computers in that part 
of the country. There were some 366 
persons registered. The great ma- 
jority were from Louisiana, and near- 
ly all the rest from neighboring 
states. We were also surprised at the 
banquet. Instead of tired fried chick- 
en, delicious filet mignon, good as 
we ve ever tasted. And after this the 
speaker, Tudor Finch (Assistant Vice- 
President, Bell Labs), did an un- 
usually good job of entertaining and 
informing. 

A tour of the Standard Oil Com- 
pany refinery was also of interest and 
well handled. We were particularly 
interested in the control room for one 
of the latest units just going on 
stream. All instrumentation was em- 
bodied in two of Albert Sperry’s 
Panellit graphic panels. Boy, that’s 
the way to do it! What an improve- 
ment over the control rooms of my 
oil refinery days. 


NOTES ON THE WESTERN 
COMPUTER CONFERENCE 
AND EXHIBIT 


By Dr. Otis Updike 


J. P. Eckert, Jr. sounded the key- 
note of rapid progress in the opening 
session of the Conference on March 
lst. Contrasting the luxurious time 
scale of Leibnitz and Babbage with 
the pace of modern developments, he 
outlined some of the needs and pros- 
pects of the computer field in the next 
five to ten years. Some needs of 
digital machines apply to analogs as 
well—e.g., a standardized terminology 
to describe performance. When the 


transistor-magamp revolution is fur- 
ther along, we will find need for more 
reliable components of all types: re- 
sistors, capacitors, even connectors. 
An intriguing idea of Eckert’s was a 
rating of computers as “calorie-spend- 
ers. 


Mathews and Seifert on 
Synthesizing Transfer Functions 


Mathews and Seifert (both of MIT) 
opened the second day’s analog ses- 
sion with a development of methods 
of synthesizing transfer functions on 
an electronic differential analyzer. 
One method, worked out by Beck at 
NAES and described in the first Cy- 
clone Symposium, develops the func- 
tion as a quotient of two polynomials 
in s by the use of a cascade of in- 
tegrators with feedback and _ feed- 
forward loops whose gain sets the co- 
efficients independently in numerator 
and demoninator. The second method, 
newly reported by Mathews and Sei- 
fert, uses four networks and three 
amplifiers, in the circuit sketched. 


With these, poles can be placed any- 
where on the negative real axis, and 
zeros anywhere in the complex plane. 
Economy of components favors the 
use of the Mathews-Seifert synthesis 
where there are more than about two 
zeros and three poles. In many prac- 
tical cases, as the authors demon- 
strated, the networks of the three-am- 
plifier setup reduce to two-terminal 
types, and one amplifier of the three 
may not be required. 


Irvine and Davis on 
Multidimensional Filters 


Irvine and Davis (both of Aerojet- 
General, Azusa, Calif.) then described 
some of their work in multidimen- 
sional filters, where they have simu- 
lated complex field distributions by 
modeling. Their problem is the re- 
covery of “messages” from a noise 
field of two or more spatial dimen- 
sions. For example, to discover a spot 
of high energy in a two-dimensional 
noise field, they scan the field optical- 
ly with a shaped filter. Half of the 
filter disk is solid, the other half sec- 
torally masked. As the disk is ro- 
tated a signal is generated whose am- 
plitude and phase permit detection 








and location of the target. The studies 
of this technique have been carried 
out analytically with n-dimensional 
Fourier transforms and experimental- 
ly with an optical-electrical-mechani- 
cal modeling system. 


MacNeal and McCann on 
Ideal Transformers 


MacNeal and McCann (both of 
California Institute of Technology, 
Pasadena, Calif.) next described the 
role of ideal transformers—which can 
be approximated to well under one 
percent for about a kilobuck apiece— 
in direct network analyzers, “McCan- 
nalogs”! Input data for these analyz- 
ers come in as system descriptions, 
equations, test results, or as a com- 
bination of these forms. For repre- 
senting mechanical systems, a nodal 
analogy is attractive, partly because 
its topological isomorphism (struc- 
tural similarity) to the mechanical 
system eases the problem of setting 
up an analog from a system blue- 
print. Without transformers the equa- 
tions represented would be restricted 
to constant, real coefficients. With 
transformers, coupling of modes can 
be represented, and the simultaneous 
equations required for coordinate 
transformations can be instrumented. 
These properties are invaluable when 
direct test data are to be used in 
synthesizing a system since coordi- 
nate transformations are required 
whenever there are fewer mechanical 
restraints than there are terminals of 
the network. 


C. M. Edwards on 
Grounding Technique 


C. M. Edwards (Bendix Aviation 
Corporation Research Laboratories. 
Detroit, Mich.) discussed a new 
grounding technique for electronic 
differential analyzers. Since Goldberg 
introduced chopper-stabilization to 
reduce drift errors to 0.1 to 1 my, 
ground currents have become a con- 
trolling source of error which cause 
offsets of 1 to 10 mv in large installa- 
tions. Three types of ground currents 
exist: signal (from pots, etc.), cath- 
ode, and chopper return. Convention- 
ally, signal currents have been pro- 
vided with a separate grounding sys- 
tem, whereas cathode and chopper 
currents have been grounded together 
through a bus system heavy enough 
to suppress crosstalk. The Bendix peo- 
ple adopted a separate chopper- 
ground bus and used separate ground- 
ing leads for each of their pots. In 
an installation of some ten computing 
cabinets, these methods held the off- 
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set of the chopper ground to 0.1 mv, 
while affording a large saving in cop- 
per over the conventional brute-force 
methods. 


Mazelsky and O'Connell on 
Digital-vs-Analog 

The passing of the digital-vs-analog 
issue was pointed up in a paper by 
Mazelsky and O’Connell (both of 
Lockheed Aircraft). Having electronic 
differential analyzers, direct network 
analyzers, digital differential analyz- 
ers, and general-purpose digital ma- 
chines available, they described the 
advantages and disadvantages of each 
type in preliminary design, shake 
test, and final analysis problems. 
Recommended was a symbiosis of 
all types of approach to get the ad- 
vantages of each and to allow cross- 
checks between the different methods. 


Wadel and Wan on 
Aircraft Performance 


Wadel and Wan reported a pro- 
gram of aircraft performance studies 
which they are making at Chance 
Vought. They have set up some 35 
nonlinear functions, using drums and 
algebraic approximations, to repre- 
sent the aerodynamic, power plant, 
atmospheric, geometrical, and weight 
characteristics of various aircraft on 
a mission. They plan a series of pro- 
grams of speed and power for opti- 
mum climb and cruise, length of stay 
at destination, etc., to give a mission 
of minimum time or minimum fuel 
consumption. By appropriate level- 
detection methods, they can set up 
their REAC to perform automatic 
trial-and-error calculations and come 
out with data suitable for the pilot’s 
handbook. 


Selfridge on Combination 
Technique 

Selfridge (Naval Ordnance Test 
Station, Inyokern, Calif.) described 
the technique he is using to combine 
some of the virtues of analog and 
digital machines. Buying accuracy at 
the expense of speed, he has coded 
an IBM 701 to act like an electronic 
differential analyzer. He finds that 
the cost during problem solution fa- 
vors the analog ten to one, but when 
the time includes setup and checking. 
the digital often wins! Elimination of 
inverters and consistency of digital 
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errors were cited as advantages; 
“when a digital machine makes a mis- 
take, it’s more exactly wrong than an 
analog.” On problems which a digital 
differential analyzer can handle, the 
DDA gives ample accuracy at higher 
speed than the analog-coded 701, but 
the DDA is somewhat small and spe- 
cialized. Asked if this had made their 
REAC obsolete, Selfridge replied, 
“No! I set up a problem on it just 
last week.” 


Exhibits 


Among the exhibits, your reporter 
was impressed with Beckman’s push- 
button setting of pots and particularly 
their new diode function generator. 
EASEy to set, this EFG is based on 
silicon-junction diodes instead of old- 
fashioned thermionic diodes. Other 
impressions included the popularity 
of the Electronic Associates exhibit 
(where at least one visitor was get- 
ting a problem run for free—one way 
of relieving the overload on your 
facility!) ; the unexpected absence 
of Reeves; and the massive infiltra- 
tion of the digital field by transistors 
and magnetic cores. The small power 
requirements of some transistorized 
subassemblies approach fantasy! 

In a sampling of a few non-analog 
papers, the session on learning ma- 
chines put on by MIT and the Rand 
people really stood out. With the 
number of decision elements now 
available in large digital machines, it 
is becoming possible to program pat- 
tern recognition and even to make a 
system organize itself to perform dif- 
ferent simple tasks depending on the 
organization present in its inputs. 
The difference in approach between 
these digital devices and Irvine's 
space filters for pattern recognition 
is interesting; the digital devices are 
now much cruder and slower, but 
they seem to be unlimited in what 
they can do if enough elements (and 
enough time) are available. 

The question asked most often at 
the meeting was “What type of shop, 
open or closed?”. All answers seemed 
to apply to a particular installation. 
Some groups limit computer opera- 
tion to their staff of specialists, some 
encourage all their engineers and sci- 
entists to set up their own problems, 
and some follow a middle course. And 
all the methods work if they are ad- 
ministered well. 
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NOTES ON THE MIDWESTERN SIMULATION COUNCIL MEETING 


By Saul Yochelson 


The fourth meeting of the Mid- 
western Simulation Council was held 
in Ann Arbor, Michigan on 21 Feb- 
ruary 1955. Our host, the University 
of Michigan, invited visitors to in- 
spect the analog-computing facility in 
the Department of Aeronautical En- 
gineering before the meeting. 


Bob Howe on Partial 
Differential Equations 

The subject of the meeting was 
“Machine Solutions of Partial Dif- 
ferential Equations.” Bob Howe ( Uni- 
versity of Michigan, Ann Arbor), as 
first speaker, noted that partial dif- 
ferential equations occur in a great 
many physical problems—for exam- 
ple, almost all problems involving con- 
tinuous media, wave media, wave 
propagation, or elasticity. In general, 
partial differential equations involve 
two independent variables, such as 
distance and time, while ordinary dif- 
ferential equations involve only one 
independent variable. As the elec- 
tronic differential analyzer can only 
integrate with respect to time, some 
means of handling the integrations 
with respect to the second variable 
must be devised. 

Two techniques are commonly 
used: (1) The method of “Separa- 
tion of Variables” and (2) “Finite 
Difference Equations.” The first tech- 
nique depends on separating the equa- 
tions into products and, in general. 
leads to eigenvalue problems. The so- 
lutions are the “normal modes” which 
must be combined in Fourier series 
to give the complete solutions. This 
technique is fairly simple but requires 
a great deal of equipment, and is used 
only for the solution of linear partial 
differential equations with fairly con- 
venient boundary values. 

The second method of solving these 
equations uses finite-difference equa- 
tions. The solution is considered in 
terms of one variable with the other 
fixed at a number of “stations.” One 
set of derivatives becomes differences 
and the result is a set of simultaneous 
differential equations which can be 
solved on an ordinary differential 
analyzer. This approach converts a 
distributed system to a lumped-para- 
meter system. The equations usually 
can be solved by either analog or 
digital methods, and if analogs are 
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used, either a direct analogy or a 
differential analyzer may be used. 
Typical problems which have been 
solved using direct analogies are sim- 
ple heat-flow problems, wherein the 
individual elements may be repre- 
sented as simple R-C networks. Even 
so, it is difficult to read out the ans- 
wers and the computer is not very 
versatile. In more complicated prob- 
lems, simple R-C networks are no 
longer adequate, and transformers 
must be used. Also, unloading ampli- 
fiers are frequently needed, so before 
long, the problem setup becomes no 
simpler than that of an electronic 
differential analyzer. 

When nonlinear partial differential 
equations are involved, it almost al- 
ways is necessary to use electronic 
differential analyzers because it is 
dificult to mechanize the arbitrary 
nonlinearities in a direct analogy cir- 
cuit. In the Aeronautical Depart- 
ment of the University of Michigan, 
a number of nonlinear partial dif- 
ferential equations have been solved. 
These have included nonlinear heat 
flow equations in which the heat con- 
ductivity was a nonlinear function of 
temperature, and also structural and 
dynamic problems where nonlinear 
stress-strain relationships are in- 
volved. The electronic differential ana- 
lyzer is a useful tool in this type of 
problem but it takes a fair amount of 
equipment. In general, it takes at 
least one nonlinear element per cell 
(or station) per nonlinearity of the 
problem. 

When dealing with lumped-para- 
meter representatives of continuous 
systems on the analog computer, it is 
obviously important to know how 
many stations are required to achieve 
a given accuracy. This problem was 
looked into rather carefully from a 
theoretical point of view and the re- 
sults show that surprisingly few sta- 
tions are required. For example, in a 
heat-transfer problem in a slab be- 
tween two boundaries where the in- 
itial temperature distribution inside 
the slab is not too “nasty” three, four, 
or five stations are all that are needed 
inside the slab to achieve accuracies 
of the order of several percent. There- 
fore it can be seen that in the one-di- 
mensional case the problem can be 
solved practically. 


With two-dimensional problems the 
amount of analog equipment required 
begins to get out of hand. Three-di- 
mensional systems solutions using dif- 
ferential analyzers are probably im- 
practical at present state of the art. 

Bob said that one thing which sur- 
prises people is that at the University 
of Michigan they even consider ana- 
log solutions when so much digital 
equipment is available. The answer 
is that most of the problems en- 
countered in engineering practice can 
be handled better on analog machines. 
In particular, problems involving dy- 
namics can usually be solved a lot 
faster and more economically on an 
analog machine.* Also, real-time sim- 
ulation is frequently important. The 
solution of the real-time character- 
istics of a system requiring a partial 
differential equation for its descrip- 
tion almost forces an analog type of 
representation. For example, where a 
process control system is being de- 
signed and where the process being 
controlled involves heat-transfer equa- 
tions, in order to mechanize in real 
time, it is almost necessary to go to 
an electronic differential representa- 
tion of the system. In case of air- 
craft, most people now know that it is 
inadvisable to design aircraft controls 
considering the aircraft as a rigid 
body; it is increasingly important to 
consider the elastic characteristics 
of the airplane. It is also convenient 
in testing a control system to be able 
to simulate the elastic characteristics 
in real time or perhaps at some rea- 
sonable time scale. 


Professor Howe's Comments 


Summarizing, Professor Howe said 
that there are obviously some places 
where digital computers are more 
useful, others where the analog com- 
puter is more useful, and that there 
is certainly a reasonable overlap. 

Asked what the basis was for de- 
ciding how many cells were required 
for a_partial-differential solution, 
Howe said that in this investigation, 
typical problems were selected and 
solved exactly by separation of vari- 
ables. Then the difference equation 
representations which would be set 
up on the computer were solved ex- 
actly (not on the computer). Normal 
mode shapes and decay constants were 
compared with the calculated values 
as obtained from the exact continuous 
solutions. As solutions can be thought 
of as super-positions of the normal 
modes, if the normal mode shapes 


*See the notes on the Western Simu- 
lation Council meeting of 17 March 
in next month’s Instruments and Au- 
tomation for the other side of this 
question. 








were correct and the mode frequencies 
were correct, then the difference equa- 
tions were approximately correct. 
From the errors as a function of the 
number of cells, the number of cells 
required to solve typical problems was 
determined. Professor Howe, with a 
simple example, showed how the so- 
lution at successive increments of 
time of a simple heat-flow problem 
can be thought of as a number of 
sinusoidal solutions superimposed in 
a Fourier series, each solution having 
a different decay time. The solution 
of linear differential equations with 
simple boundary conditions can be 
thought of as the superposition of the 
normal modes which result from sep- 
aration of variables, where the first 
mode is almost always the predomi- 
nant one. If the normal modes which 
occur when the system is broken up 
into a lumped-parameter system have 
the same shapes and the same decay 
times as the continuous normal modes, 
then when the whole thing is put to- 
gether the solutions will be accurate. 
From the required accuracy of mode 
shapes and decay times. the charts 
which have been prepared show the 
number of stations needed. Work has 
been done on problems in radial and 
spherical coordinates, as well as rec- 
tangular coordinates. 

Professor Howe pointed out that 
many times when the solution varies 
very rapidly in some regions and not 
so rapidly in others, it would appear 
advisable to space some of the sta- 
tions close together and others farther 
apart. They have found that if the 
stations are located arbitrarily, the 
accuracy is not very good. If an 
analytic transformation is made—that 
is, a new variable such as Z? sub- 
stituted for X—and the stations are 
located at equal values of Z. increased 
accuracy may be obtained. Similarly, 
in problems involving partial differ- 
ential equations in semi-infinite media 
(for example, heat flow in a bar. one 
end of which is embedded while the 
other end goes to infinity), where a 
“large” number of stations would be 
required, transformations can be 
made which map the region from 0 to 
infinity into the region from 0 to one, 
in this case, Y 1 — e *. Equal sta- 
tions in Y correspond roughly to 
equal stations in X at the beginning 
but gradually spread out until the 
ninth station, for example, corre- 
sponds to X equals infinity. 

A question was asked about the 
widely different gains which result 
for the inputs to the amplifiers when 
difference techniques are used; i.e., 
the coefficients may differ by several 
orders of magnitude. Howe said this 
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was normal and the variation is just 
what is needed to represent the prob- 
lem. This sometimes can cause trou- 


ble. 


Michael Yanovitch on 
Flutter Analysis 

The second speaker was Michael 
Yanovitch (Reeves Instrument Com- 
pany, New York City) who discussed 
the application of analog computers to 
flutter-analysis problems. The Galer- 
kin method leads to a large number 
of integrals and, when something like 
the mass of a fuel tank is changed, 
most of the integrals must be recalcu- 
lated. Difference equations are simpler 
because changing of location or size 
of masses affect only a few terms. 
The particular problem which Mr. 
Yanovitch described was done at 
Project Cyclone. Difference equations 
techniques were used but the data 
available were in the form of a ma- 
trix of inference coefficients. (The 
problem involved a swept-back wing 
of a plane.) The inference coefficients 
represented the deflections at the dif- 
ferent stations for unit forces lo- 
cated at the various points. The ma- 
trix was inverted, giving a set of dif- 
ference equations representing the 
system. The particular problem in- 
volved led to a 14 x 14 matrix. To 
solve this, a 14 x 14 potentiometer 
matrix was built up. Only plus and 
minus variables were needed as in- 
puts for the matrix to furnish an out- 
put. It turned out that the output of 
the matrix was very small; on the 
order of one tenthousandth of the 
input voltage. This was not too seri- 
ous a difficulty in this flutter prob- 
lem because all that was needed was 
the speed at which the flutter became 
sinusoidal, but it could become se- 
rious in some types of problems 
(such as those concerning boundary 
values). This particular problem used 
about five REACs. (Your reporter 
got pretty lost in the discussion fol- 
lowing this talk.) Professor Howe 
pointed out that if the problem can be 
solved from the equations using sec- 
ond differences of second differences, 
much better accuracy can be obtained 
than by taking the fourth differences 
directly as must be done when the 
matrix method is used. In the latter 
case component tolerances on the 
computer become serious (small er- 
rors in component values can cause 
serious errors in the solution). 
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Paul Hermann on Heat Transfer 

After intermission, Paul J. Her- 
mann of the Goodyear Aircraft Corpo- 
ration described a heat-transfer prob- 
lem solved by the Computer Lab at 
GAC for another division of the com- 
pany. The problem involved calcula- 
tion of temperature gradients through 
the thickness of a plastic window of 
an aircraft. 

It was necessary to solve this prob- 
lem on an electronic differential ana- 
lyzer because a number of nonlinear- 
ities were involved.* These were non- 
linear heat-transfer coefficients, non- 
linearities in the outside air tempera- 
ture, and the fact that there were dif- 
ferent layers of different materials 
making up the window. The problem 
was essentially that of a windshield 
consisting of an outside layer of plas- 
tic, an airspace, and an inside section 
broken into three layers. The outside 
air temperature varied arbitrarily 
with respect to time, and in addition, 
the heat-transfer coefficient from the 
outside air temperature to the first 
layer was a nonlinear function of tem- 
perature. As the computer lab had not 
participated in many problems of this 
type before, a good deal of the work 
was done by aerodynamic engineers 
who were not familiar with com- 
puters. This was one of the reasons 
that troubles were encountered. Paul 
showed and explained the equation, 
the method of breaking it up into 
finite difference equations. He also 
showed a circuit diagram of a typical 
part of the computer setup for the 
problem. Basically, the nonlinear 
functions were simulated with fune- 
tion generators and an amplifier was 
used for each station of the problem. 
This resulted in a number of positive 
feedback loops, but the gain of each 
loop was less than one. The question 
of how many stations to use in setting 
up the problem was solved simply: 
only 20 integrators were available at 
the time, and since one integrator was 
needed per station, 20 was the number 
of stations. Once the problem was set 
up the main difficulty was that ac- 
curate components were needed. Paul 
had one bit of advice to the other 
people who might have occasion to 
set up this type of problem: “Do not 
hurry!” Professor Howe pointed out 
that improved accuracy can frequent- 
ly be obtained by using three ampli- 
*Not because Goodyear makes elec- 
tronic differential analyzers! 
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The Second International 


AUTOMATION 
EXPOSITION 


Chicago's Navy Pier 
November 14-17 


will feature 
—Second Computer 
Clinic 


—Guided-Missile 
Symposium 


—Automation 
Symposium 


—High-temperature 
Symposium 


—High-pressure 
Symposium 


—Other features to be 
announced 


Watch for details 


Reserve these dates for 
the most important Automation 
event of 1955 


For more information write 


THE SECOND INTERNATIONAL 
AUTOMATION EXPOSITION 


845 Ridge Ave. Pittsburgh 12, Pa. 
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fiers per cell rather than one.* Fol- 
lowing Hermann’s talk most of the 
group went to the Willow Run facili- 
ties of the University of Michigan 
and inspected the digital and analog 
computers there. 


*You selling equipment now, Bob? 





Control 


All in all, the meeting was both 
interesting and informative. Except 
that 21 February was Election Day in 
Michigan (as a result nothing 
stronger than wine could be found 
anywhere) everything was nicely 
handled by Professor Howe and Com- 
pany. 


INFORMATION (WITHOUT THEORY) 


Herewith a few interesting remarks 
picked up by Otis Updike at the 
W.C.C. 

Pres Eckert: “You can’t check a 
computer into being reliable.” 

Simon Ramo: “In automation, you 
look at a problem as you're doing it 
now and as youd like to do it; then 
you put in the difference between the 
methods.” 

Norm Irvine: “Whether it’s digital 
or analog, addition is the only really 
successful operation we've learned to 
do with computers.” 

And a simile I like, which I get 
from Fred Sturm: “A computer to an 
engineer is like a tool to a craftsman. 
A really good craftsman can often do 
a good job with poor tools, whereas 
a mediocre craftsman must have good 
tools. But a really good craftsman 


with really good tools can do the ap- 
parently impossible.” 

And another from “Electronics 
Down To Earth”.! Having indicated 
that most business data are, by the 
time they become available, of his- 
toric interest only, they state: “In a 
real sense management has been driv- 
ing down the business highway, using 
only the rear-vision mirror.” 

And didya read what the late great 
anthropologist Ernest A. Hooton had 
to say in “The Human Animal in the 
Machine Age”*? “The inventor does 
indeed draw upon accumulated knowl- 
edge, so the machine benefits by cul- 
tural tradition. Machines are nothing 
more than projections of human in- 
telligence.” What a projection! 
‘John A. Higgins and Joseph S. Glick- 
auf in Harvard Business Review 
‘ISA Journal, June 1954 


PERSONALS 


We also want you to read a letter 
we received recently, so here ’tis: 


Dear Editor: 


The December issue of the Simula- 
tion Council Newsletter reached 
my desk in the Dynamic Systems 
and Computation Laboratory 
(DSCL) of Goodyear Aircraft 
Corporation today. In regards to 
your parenthetical comment—“( do 
any ladies read this sheet? )”. 
we certainly do! 


There are six ladies in the DSCL 
with classifications of computist, 
mathematician, and simulation en- 
gineer. We all read the Newsletter 
and find it interesting and infor- 
mative. Keep up the good work! 

Sincerely, 

Marjorie L. Finley 

(Mrs. Charles L. Finley) 


It’s things like this that keep us 
going, even when they are not so 
flattering. May we have your com- 
ments ? 

Address favorable ones to Instru- 
ments Publishing Co., 845 Ridge 
Avenue, Pittsburgh, Pennsylvania. 
But for gosh sake don’t let Rimbach 
or Aronson see the unfavorable ones. 
The latter kind should be addressed 
to: 

John McLeod 
Box 731 
Camarillo, California 

Or maybe to be safe you'd better 

address them all to me. I like my new 


job. 





The Simulation Council 
Newsletter will be a regular 
monthly feature in Instru- 
ments and Automation. 














Process Control Analysis 


This begins a new series on a subject of current interest and 
8 J MILLARD H. LAJOY 


vital importance in the process control field. The process and 
the controller must be considered as a unit in analysis of the 


University of Minnesota 


control problem. Simple equations show the effect of each ele- and 
ment in the process. This analysis is basic to an understanding E. ALLEN BAILLIF 
of the technique required for optimum control practice. Seeger Refrigerator Co. 


NDUSTRIAL PROCESS CONTROL is becoming one 

of the most important and challenging activities in 

the engineering profession. Although its history has 
been comparatively short, it has included remarkable 
feats in the development of many industrial processes. 
In today’s industry the call for high-speed production has 
resulted in almost unheard of productive rates, or 
throughputs. The dual demand for high quality and fast 
production has placed a severe burden on the automatic 
controller. 

Faced with today’s ever-increasing automatic-produc- 
tion problems, the time is arriving when more thought 
must be given to the design of the process and controller 
as a unit, thereby enabling a simplified controller to be 
applied economically, with as few adjustments as possi- 
ble. In addition, many industrial processes may be made 
easier to control if certain judicious choices and adjust- 
ments in the process are made in the design stage. This is 
something that occurs all too rarely, and hence, in current 
practice, a wide range of adjustments must be available 
in the controller. 

There is a need for a method of analysis that can be 
used in the field of automatic control today which does 
not lose sight of the physical system itself. The objective 
in this and succeeding chapters is to develop an analytical 
method of approach to the problems associated with auto- 
matic control systems. Although some of the equations 
may appear difficult, we should understand that this is 
primarily because of their comparative length. Once the 


numerical values of the process constants are substituted, 
they reduce to much simpler expressions. There is a def- 
inite advantage in setting up the system equations in a 
general way, even though they become unusually long, 
because it allows us to catalog solutions that may have fu- 
ture value in studying other processes which are analogous 
mathematically. 

The method to be presented treats each component of a 
control system as an individual resistance and capacitance 
stage, develops simple equations for each component, and 
combines these to form a complete equation representing 
the system. This first chapter is concerned only with the 
process equation. It is expanded as far as a three-capacity 
system. The equations developed will be representative of 
both simple and complicated processes. Systems which are 
still more complex can be developed in an analogous 
manner. Likewise, systems involving parallel resistances 
and capacities can be synthesized by the same procedures. 


The Process Equations 


Plant operations or manufacturing procedures that 
utilize automatic controls will be classified generally as 
processes. They may be simple or complex. As this study 
is concerned with the mathematical analysis and synthesis 
of the controlled process, it will be necessary to express 
first the process in mathematical form. 

For the purpose of deriving the process equations, a 
liquid-level system will be employed. There is no loss in 
generality in this choice of process because other proc- 
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esses. such as temperature or pressure, would yield identi- 
cal mathematical equations. 

First, it is necessary to decide on a standard system for 
representing the processes. The most readily applicable 
system is that of representing the processes by a number 
of capacities and resistances, or, in other words, by 
two types of units, one which has the ability to store 
energy, liquid, pressure, or whatever the process medium 
may be, and one which restricts the flow of the “substance” 
between the various capacities. They will be represented 
by “C’s” and the “R’s” respectively in the developments 
which follow (Fig. 1-1). The symbol “x” with an ap- 
propriate subscript will be used to denote the potential or 
level in each capacity. The symbol “x,” will be used to 
signify the potential to which the outgoing flow is dis- 
charged. Values of the R’s and C’s will be assumed to 
be constant. 


Single-Capacity Process 
The basic elementary system is a single-capacity proc- 
ess. Fortunately, this type is found in practice and, there- 
fore, is a representative one to study. 
A liquid-level system of one capacity is shown in Fig- 
ure 1-1; the various quantities have dimensions as shown 


in Table 1.1. 


Table 1.1—Symbols and Dimensions for Liquid- 
level-type Process 


Symbol' Dimension 
Level or Potential x ft 
Flow F and 9 cu ft per min 
Capacity C cu ft per ft 
Resistance R ft per cu ft per min 
Time t minutes 


'Subscripts are used with symbols to further identify the quantity 
for each particular application example. 


Capacity of a symmetrical tank is calculated as follows: 
C = volume of vessel/height 
Resistance to flow through a restriction (such as the 
outlet resistance of Fig. 1-1) is as follows: 
R, = (x-x,)/0 1 
This is simply Ohm’s Law for flow. 
Single-capacity Process Equation 
The equation describing a single-capacity liquid-level 
process can be obtained by writing an expression for the 
rate of change of level when the inflow and outflow are 
unequal. A disturbance in outflow level x, would cause 
these flows to be different. For a fixed disturbance, the 
two flows would, after a period of time, become equal 
again. Immediately following a disturbance the rate of 
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Cy Xo x q Fig. 1-2. Two-ca- 
pacity liquid-level 
process. 
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change of level (dx/dt) would be directly proportional 
to the difference between the inflow and outflow, and 
inversely proportional to the vessel capacity, C. This can 
be expressed mathematically as follows: 
dx/dt = (F-Q)/C 1.2 
Solving equation 1.1 for Q and substituting this result 
into equation 1.2 and rearranging, we obtain: 
(1/R,) (Hdx/dt + x)—x,/R, = F 1.3 
where n= BA, 1.4 
Equation 1.3 is basic for all single-capacity processes 
of the type shown in Fig. 1-1. Note that it is a first-order 
differential equation. It has been derived in terms of the 
process constants of resistance and capacity, the outflow 
head x, (which will be treated as a source of disturbance 
to the system) and the inflow, F. At present we are not 
concerned with the effect of changes in inflow. Later, when 
the automatic controller is included, it will be found that 
an expression can be written for “F” in terms of the level. 
x, which will be selected as the variable to be controlled. 


Two-Capacity Liquid-Level Process 
9 


A two-capacity liquid-level process is shown in Fig. 1-2. 
The dimensions represented by the various symbols are 
the same as in Table 1.1. Subscripts identify the location 
of the process quantities (flow, resistance, capacity, and 
level). The inclusion of a second capacity results in a 
more-complicated process equation. However, the develop- 
ment of the mathematical expression for this process is 
straightforward and can be followed without difficulty. 
It is only necessary to repeat the steps that were followed 
in obtaining the single-capacity-process equation 1.3. 
Development of Two-capacity Process Equation 

Referring to the two-capacity process of Fig. 1-2, we 
can write expressions for the flow between the vessels 
and the outlet flow in the following manner. When a dis- 
turbance occurs in a process, such as a change in outflow 
head, x,, all the flows will be unequal immediately follow- 
ing the disturbance. The expressions for the flow between 
vessels and the exit flow are, respectively: 

F, = (x,-X2) /Re 1.5 
Q = (x2-x,) /R, 1.6 

These equations (Ohm’s law) simply state that the 
flow through a restriction or a resistance (which has been 
assumed as linear in our analysis) is directly propor- 
tional to the difference in level, or potential drop across 
the resistance, and inversely proportional to the resistance 
itself. Our next step is to write expressions for the rate 
of change of level in each tank during the disturbance 
period. 

The rate of change of level in each tank is directly pro- 
portional to the net inflow or outflow from it, and inversely 

















Fig. 1-3. Three-capacity 
liquid-level process. 
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proportional to the capacity of the vessel, respectively. 
Thus: 
dx, /dt — (F-F,) /C, Lt 
dx2/dt cane (Fs-Q) /Cz 3 
Equations 1.5 through 1.8 provide all the necessary 
relationships for obtaining a single equation in terms of 
tank level x, inflow F, disturbance level x,, and the 
process constants of resistances and capacities. The 
equation could be derived either in terms of the level in 
the first tank or the level in the second tank, whichever is 
desired. Assume that it is the level in Tank 2 (x2) in 
which we are interested. Later, we will discuss an appli- 
cation of an automatic controller to maintain the level 
in Tank 2 at some desired value. After applying algebra 
to Equations 1.5 through 1.8 inclusive, we obtain the 
following expression: 


] d°x» dx» Xy 
(eth pees F | 

Ry dt? dt R, 
where Jo = C,C2RR, 1.10 


J; = CR. + C,R, + CR, “1.10 


Equation 1.9 is the final process equation for a two- 
capacity system of the type shown in Fig. 1-2. The addi- 
tion of a second capacity results in raising the order of 
the equation from first to second. 


Three-Capacity Process 


As our final consideration of processes, we will con- 
sider a three-capacity system (Fig. 1-3). The various 
quantities are as identified in Table 1.1. A three-capacity 
process is representative of a complex system to control. 
The equation that describes such a process will be a third- 
order differential equation. 

It can be derived by following the identical procedures 
used to obtain the process equation for a single- and two- 
capacity process. 

Assuming a disturbance occurs in the process by a 
step change in outflow head, xq, the flows between the 
various vessels and the outflow are as follows: 


He —- X4—X2 ) /Re 


Fs = (xe—x3) /Rs my 
Q = (xs3-x,) /R, 1.13 
The rate of change of level in each vessel is: 
dx,/dt = (F-F2) /C, 1.14 
dxo/dt — (F.—Fs3) /Co 1.15 
dx;/dt =) F;-Q ) /C3 1.16 


Equations 1.11 through 1.16 can be combined to obtain 
a single equation in terms of any one of the tank levels 
(x), the outlet level (x,), the inflow (F), and the process 
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constants of resistance and capacity. A comparatively 
large amount of algebra is necessary in the combination 
of the above equations to obtain a single expression, 
which will be called our process equation. It is necessary 
to decide the tank level in which we are primarily inter- 
ested. We will select tank level 3, x3, as the location of 
primary interest. Determinants were used in deriving the 
final process equation for the three-capacity process: 


] d®x. d°xs dx2 Xq 
—(Ks——_- +- Ke + K,— + xs)-- F 1.17 
R, dt*® dt? dt R, 
WwW here Ke C,CoC,RoRsR, 1.18 


Ks C,CoRoRs “- C,CoRoR, T C,C3RoR, 
+ C,C3RsR, + C2C3RsR, 
K, = C,Re + C,R3 — C.R, — CR; + CoR, +t C;R, 


Equation 1.17, with values of the constant K coefhicients 
as given in Expressions 1.18, is the final process equation 
for a three-capacity system. It is representative of all 
three-capacity systems of the type shown in Fig. 1-3. The 
process resistances and capacities are being treated as 
constants in our analysis. Therefore, once the numerical 
values of these are known and substituted in relationships 
1.18, the values of K;, Ke, and Kg will be numerical 
numbers. 

The three relationships given in 1.18 are extremely 
valuable in determining how these coefficients can be 
altered by varying the sizes of the vessels and the restric- 
tions or resistances to flow. Note that there is considerable 
interaction of resistances and capacities and that these 
coefficients are not simply derived. It is not possible to 
change one coefficient without affecting another. In the 
analysis of systems, it will be found that the relative 
magnitude of the various coefficients is the important 
factor which determines the characteristics of the system. 
This will be treated in greater detail when we include the 
automatic controller in the system. 


Conclusion 


A procedure for obtaining the process equation has 
been shown because it is the physical system itself that 
must be altered to obtain best control performance. The 
methods followed are simple, direct, and full of tangible 
significance. The next step is to include the automatic 
controller in the physical system. The automatic controller 
will include the measuring element, the signal transmis- 
sion lines, and the final control element which regulates 
the inflow to the process. 

(To be continued ) 
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Table 1.—Temperature Coefficients of Inductors 
with Fused-quartz Forms and 
Bonded-metal Conductors 


Temp. Coeff. 


Inductor Maker Form in ppm/°C 
13.7 wh, 2.7-in. dia. Thomas® Fused 15 
x 3.75-in. long; Quartz 
19 turns; 0.005-in.- 
thick conductors; 
Q = 50 at 2 Mc. 
3.5 uh solenoid a N. Y. Laboratory Vicor 24 
1.3 wh flat spiral a N. Y. Laboratory Fused Quartz 30 
7.1 wh solenoid; General Fused Quartz 19 
1-9/32-in. dia. x Electric 


2-5/16-in. long; 23 
turns; Q at 10 Mc. 
210 


7 wh solenoid General Electric Pyrex 17 
27.7 wh, 2.9-in. dia. General Fused 13 
x 244-in. long; Electric Quartz 


221% turns; solenoid 
Q = 133 at 5.5 Mc. 
and 86 at 2 Mc. 


(Note: uh represents microhenries) 


ASIC NEED in electronic and electrical engineer- 

ing is for zero-temperature-coefficient inductors. 

Although compensation can be made with negative- 
coefficient capacitors, the frequency of such tuned circuits 
may vary erratically under transient temperature condi- 
tions. Many efforts have been made to use fused-quartz 
coil forms because such forms are extremely stable. How- 
ever. use of fused quartz as the coil form with bonded 
metal conductors (so that the conductors can not expand 
more than does the form) does not result in an extremely 
low temperature-coefficient of inductance (Table 1). 

These inductors do not exhibit sufficiently low coefh- 
cients to warrant the expense and difficulty of their con- 
struction for most purposes. (However, they do exhibit 
excellent long-time stability; in all cases they returned 
to the same value of inductance and exhibited almost 
no hysteresis during temperature cycling.) 

The basic reason for the high coefficients in inductors 
which do not change size with temperature is that part of 
the total inductance comes from current flowing inside 
the conductor. The depth of this penetration varies with 
the conductor’s resistance, which has a high temperature 
coefficient. As the temperature changes, the resistance 
changes rapidly, which means that the amount of current 
inside the conductor (and, therefore, the component of 
inductance it causes) also changes at a high rate. Al- 
though this component, called internal inductance, is 
small, its contribution to the over-all inductance coefficient 
is large because it changes so rapidly. 

The only way that this inductance coefficient can be 
minimized is to use conductors which are very thin com- 
pared to the depth of penetration, or which have low 
temperature coefficients of resistivity. Unfortunately, the 
former means high-resistance coils, and only resistance 
wires such as nichrome have low resistivity coefficients. 


Investigation of Technical Literature 


If a coil of wire which is free to expand in all directions 
is heated, its inductance theoretically should increase by a 
temperature coefficient at least equal to the temperature 
coefficient of linear expansion of the wire. That this is 
not true is well known and has been borne out by experi- 


Page 620—Jnstruments & Automation—Vol. 28 





Investigation of 


Temperature 


FRED E. DICKEY 


General Electric Company 


ments; many investigators have tried to find experimental- 
ly and mathematically why this is so. Some worked with 
coils which were free to expand in all directions on high- 
expansion forms; some tried high-resistance conductors; 
others tried to bond the conductors to low-expansion 
forms. However, all results showed temperature coefhi- 
cients of inductance that were at least twice the tempera- 
ture coefficient of linear expansion for freely expanding 
coils, and unpredictable for bonded types. 

The following discusses in chronological order the 
work done by various authorities in an effort to explain 
this discrepancy between theory and practice. 

Moullin' calculated the temperature-inductance char- 
acteristic of a conventionally shaped coil in which axial 
expansion differed from radial expansion, but in which 
the shape of the turns remained circular. He pointed out 
that if the coil was free to expand radially, but held to a 
constant length, the temperature coefficient of inductance 
would be twice the coefficient of linear expansion of the 
conductor. This does not, however, explain why this is so 
for coils which are free to expand in all directions, nor 
does it explain the high inductance coefficients found for 
coils firmly attached to low-expansion forms. 

H. A. Thomas reported the results of tests on a large 
number of single-layer coils and showed that the tem- 
perature coefficient of inductance was, as before, at least 
twice the conductor’s coefficient of linear expansion. He 
attempted to explain the large coefficient by attributing 
it to self-capacitance changes and small changes in di- 
mensions. He derived an expression for the temperature 
coefficient of inductance as follows: 


0 = (a + w?LC$) /(1-«?LC) (1) 
where L = self inductance of coil 
C = self capacitance of coil 


a — temp. coeff. of linear expansion of form 
5 = temp. coeff. of dielectric constant of form 
w — 2m (frequency ) 

This assumed an absolutely tight bond between form 
and conductor. Thomas was the first investigator to men- 
tion the change in temperature coefficient of inductance 
with frequency. He built a coil using metallized turns on 
a Calit form, obtaining a good molecular contact between 
metal and form. At low frequencies and up to 75 percent 
of the natural resonant frequency of the coil, good agree- 
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ment was obtained between his equation and his results. 
At frequencies very low compared to the natural fre- 
quency of the coil, the coefficient of inductance is only 
slightly higher than the coefficient of linear expansion of 
the form. Later theory shows that this was caused by a 
fortuitous choice of a thin, flat conductor with large 
spacing between turns rather than by capacitance changes. 

Janusz Groszkowski® attributed the excess in actual 
temperature coefficient of inductance over the theoretical 
to eddy currents and skin effect in the conductor of the coil 
itself, and made measurements using constantan (which 
has temperature coefficients of resistivity and_ linear 
expansion of 8 x 10° and 17 x 10° per deg. C.). Copper’s 
coefficient of resistivity is 4200 x 10°. He built a copper 
coil and measured a temperature coefficient of inductance 
of 45 parts per million. When an equal number of turns 
of constantan were added, the coefficient was found to be 
47 x 10°, but when the same number of turns of copper 
were added, the coefficient went up to 67 x 10°. He then 
made an identical coil of constantan and measured its 
inductance coefficient at 17 x 10° per degree centigrade, 
which is also its coefficient of expansion. When an equal 
number of copper turns were added, the coefficient in- 
creased to 28 x 10°, but when an equal number of con- 
stantan turns were added, the coefficient was found to be 
only 18 x 10°. From this, he concluded that eddy currents 
and skin effect have some bearing on the temperature 
coefficient of inductance because the constantan (which 
had almost no change in resistance with temperature) had 
inductance coefficients equal to its linear expansion co- 
efficient, whereas the copper (which has a rapid change 
in resistance with temperature) had much higher in- 
ductance coefficients. Data was presented also to show 
that the number of turns had to be kept small and 
the conductors large in order to minimize the change in 
coefficient with frequency. 


Internal Inductance 


E. B. Moullin* divided the inductance of a coil into 
two parts—-external and internal. The external inductance 
is the portion of the total inductance which is directly 
related to the magnetic field outside the wire. It is not a 
function of frequency and has a temperature coefficient 
equivalent to the coefficient of linear expansion of the 
metal. The internal inductance is related to the magnetic 


field inside the wire. This portion is a function of fre- 
quency and has a temperature coefficient which is some 
function of the temperature coefficient of resistivity of 
the wire. While this internal inductance is approximately 
5 percent of the total for single-layer solenoids, it con- 
tributes greatly to the total temperature coefficient of 
inductance because it varies at a rate equal to the tem- 
perature coefficient of resistivity of the conductor metal. 
(Example: copper has a resistivity coeff. of 4200x10°/ 
deg. C.) 

The internal inductance can be decreased by using con- 
ductors of hollow tubing with thin walls, or by use of thin, 
flat strips. However, this is accompanied by an increase 
in resistance. 

This is borne out by Thomas*:* who found that coils 
which were wound with flat strips having thin cross-sec- 
tions could be made to have inductance temperature co- 
efficients almost independent of frequency over a wide 
range; but beyond this range the coefficient rose rapidly 
with increasing frequency. He also found that the fre- 
quency at which the temperature coefficient of inductance 
started to rise could be increased by increasing the con- 
ductor spacing. 

A. Bloch’ reasoned that since the depth of penetration 
(and, therefore, the loss) varied according to the one-half 
power of the resistivity, the temperature coefficient of 
internal inductance for round conductors would be one- 
half the temperature coefficient of resistivity. He also 
showed that the temperature coefficient of inductance 
caused by resistance changes for the whole coil was: 


co, = §/2Q (2) 
where 6 = temperature coefficient of resistivity of metal 
in conductors, and Q = figure of merit for the coil. 


In all the literature investigated, the non-compensated 
coil with the lowest coefficient of inductance was built 
by Thomas*. He used a fused-quartz form, 2.68-in. diam- 
eter by 3.75-in. long, on which he metallized, of copper, 
conductors of 19 turns which were 0.080-in. wide and 
0.005-in. thick with 0.197-in. spacing between their cen- 
ters. This coil had an inductance of 13.7 microhenries 
with a Q of 50 at 2 megacycles, and 95 at 6 megacycles. 
The temperature coefficient of inductance at 2 megacycles 
was 15 x 10° per degree centigrade and 52 x 10° at 6 
megacycles. He indicated that the coefficient at 6 mega- 
cycles could be improved by decreasing the conductor 
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Fig. 1. Depth of penetration (in copper) and R-F resistance (of 
copper and copper-plated wires) as functions of frequency. 
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thickness, but this improvement would be at the expense 
of the Q, which is already low. 

To summarize the investigation into the temperature 
coefficient of inductance of a coil, the coefficient is a 
function of these nine things: (1) frequency, (2) and (3) 
resistivity of and temperature coefficient of resistivity of 
the conductor, (4) and (5) temperature coefficient of 
linear expansion of both the conductor and forms, (6) 
conductor shape, (7) form shape, (8) winding pitch, and 
(9) number of turns. To minimize the temperature co- 
efficient of inductance, the number of turns must be kept 
small and thin, wide conductors which are widely spaced 
and which have a low temperature coefficient of resistivity 
should be used. Unfortunately, all this tends toward a 
large coil with a low Q. 


Experiments on Plated Wires 


In order to check the internal-inductance theory some 
experiments were made using Nilvar wire, which has high 
resistivity but a coefficient of expansion of only 1 x 
10°°/deg. C. These were copper plated and their r-f resist- 
ance plotted vs. frequency in the region where depth of 
penetration was close to the plating thickness. Three coils 
were wound. One used 0.022-in.-diameter copper wire, the 
second had 0.014-in.-diameter copper wire, and the third 
had 0.015-in.-diameter Nilvar with a copper-plated surface 
0.0015-in. thick. All wire sizes were considerably less than 
optimum for maximum Q. Curves showing radio-fre- 
quency resistance of these coils and depth of penetration 
of current into the copper conductors vs. frequency are 
shown in Fig. 1. The frequency range shown on these 
curves was used in order to reach the frequency at which 
the resistance of the plated wire became equal to the re- 
sistance of the equivalent copper wire. 

The resistance values were calculated from inductance 
and Q readings; the depth of penetration was computed 
from Equation 3°, which defines depth of penetration as 
the distance from the surface of a metal to that point at 
which the current has dropped to 2 percent of the value 
it had at the surface: 

D = 0.636 ( pdf) M/s (3) 
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where D = depth of penetration in centimeters, » = 
permeability, 8 = specific conductivity (microhm-cm x 
10*)', f = frequency in cps, and 6 for copper = 5.8 x 
10* c¢.g.s. electromagnetic units at 20 deg. C. 

At high frequencies, where penetration of current into 
the wire is equal to the thickness of plating, the radio- 
frequency resistance of the plated wire should be equal 
to the resistance of a copper wire of equal diameter. The 
wire with 0.0015-in. plating (total diameter 0.018-in.) 
had a resistance at 38 megacycles which was between the 
resistance values for the 0.014-in. and 0.022-in. copper 
wires. This was expected. As the frequency was lowered, 
however, the resistance curve for the plated wire did not 
drop as rapidly as the curves for the copper wires did. 
This showed that the resistance of the plated wire was 
held up by an ever increasing proportion of the current 
flowing in the high-resistance Nilvar. Finally, at low 
frequencies, so much of the current was flowing in the 
Nilvar that the resistance curve actually started to rise. 
This is predicted in reference 9. 

This test showed that when thin copper plating was put 
on a wire which had a low temperature-expansion co- 
efficient, in an effort to hold constant conductor dimen- 
sions, the loss was excessive. If the copper were thick 
enough to minimize losses, then current redistribution 
with temperature caused by resistance changes would be 
as great as for a copper wire of equal diameter, so no 
advantage would be obtained by using this composite 
wire. 

The permeability of the Nilvar wire will increase the 
internal inductance. This greater internal inductance will 
change as the permeability changes with temperature. 
This adds another complex component to the over-all co- 
efficient of inductance; for this reason and the one men- 
tioned in the preceding paragraph, it was decided that the 
plated-wire idea was not practical. 


Inductor Shielding 

Any inductor is subject to instabilities caused by its 
surroundings. The best way to eliminate this is to put a 
shield around it, but care must be taken that the shield 
itself does not add to the inductor’s coefficient of in- 
ductance. 

The following calculations were made to determine the 
effect which the shield would have on the coil’s inductance 
as it changed dimension with temperature. As installing 
the shield reduces the coil’s inductance, any increase in 
shield diameter increases the inductance; as the shield 
expands with increasing temperature it adds a positive 
component to the coil’s coefficient of inductance. 

The data in Fig. 2 were calculated from the following 
equation’’, neglecting any end shields and with the as- 
sumption that the coil form does not change dimension: 

L = L, (D? - d?) /D® (4) 
where L is inductance of inductor with shield, Lo is in- 
ductance of inductor without shield, D is diameter of 
shield, d is diameter of inductor, A T is Temperature 
change in deg. C., and « — Coefficient of linear expan- 
sion of brass (18 ppm/ deg. C.) 

From 4: dL/dD —3Lod*D* 
For one example, assume Ly = 32 uh, d 


= 7 ie. 


2.9 in., and 


dL/dD = 0.409 uh/em 
ppm/em = (uh/em) (10°)/Lo = 0.0128 x 10° 
(ppm/cm) x (cm/deg. C) = ppm/deg. C 
em/deg. C = DxAT/AT = 7(2.54) (18) (10°) 
= 320 x 10° 
Change in inductance is therefore: 


ppm/deg. C = (0.0128 x 10°) (320 x 10°) = 4.1 












Since the ppm/deg. C is proportional to : 
ppm/deg. C for Invar reve! “Brass X 41 
ppm/deg. C for Invar 4.1(1) (10%) /(18) (10°) 
0.23 

Fig. 2 shows the component of temperature coefficient 

which a brass or Invar shield would introduce into an 

inductor. It shows that for close shields the effect can be 
large. 


it 


Metaillization 

Preliminary attempts at metallizing quartz were not 
successful. The test samples were fired in an air atmos- 
phere in an electric furnace, and then electroplated. Both 
firing and plating were done according to directions 
furnished by the manufacturer of the silver paint being 
used. The original bond between quartz and fired silver 
was apparently good because the silver could be removed 
only with difficulty. However. after copper plating, the 
composite silver and copper film peeled off. It was found 
that the addition of extra oxygen to the furnace helped 
the material to stick. 

Silver paint was put on a pyrex tube in the form of a 
helix. This was fired in the electric furnace with an air 
atmosphere while extra oxygen was fed to the inside of 
the firing chamber. The silver adhered well after firing 
and appeared metallic and shiny. After plating, the bond 
was still good and the material could not be peeled off. 

Various masking techniques were tried in order to 
wind a helix on a coil form but were not successful be- 
cause they tended to let conducting paint slip under the 
masked areas, or left ragged edges on the conductors. 

Tests showed that translucent fused-quartz could not 
be used for these components. The quartz is translucent 
because of air trapped internally in the form of small 
bubbles. The trapped air expanded upon heating and dis- 
lodged large chips from the surface before the tempera- 
ture necessary for bonding was reached. 

Experiments were made to determine the strength of 
connections soldered to plated films on quartz. Solder 
connections of 0.01 square inch in area were made which 
could withstand a 15-pound pull in a direction parallel 
to the surface of the quartz. 

Experiments were carried out with several paints; the 
best results were obtained with type #4760 conducting 
paint made by the Electrochemicals Department of the 
KE. I. DuPont de Nemours Company in Wilmington, 
Delaware. 

\ 0.5-uh inductor was made on a fused quartz form 
using the techniques described below. It was 2.1-in. long 
and 0.4 inch in diameter, and had 1314 turns which 
averaged 0.060-in. wide. It successfully withstood 20 
cycles of being plunged from acetone at —25 deg. C into 
boiling water then back into the acetone. 

For making the inductor, the procedure illustrated in 
Fig. 3 was used. The picture shows a helical conductor 
having 10 turns per inch being applied to a fused-quartz 
form of 1-9/32-in. diameter. The paint striper shown was 
mounted on the horizontal brass rod so that it was free 
to rotate. This freedom of motion allowed the end of the 
striper, which was pressed against the coil form, to move 
up and down to follow any slight irregularities in the 
quartz form, and to allow for any eccentricities which had 
been incurred in chucking. The equipment was set up so 
the striper wheel was at right angles to the axis of the 
coil form and touched its surfaée about 15 degrees in the 
direction of rotation beyond: a vertical plane passed 
through the axis of the form. The lathe was set for a 
thread of 10 T.P.I. and a speed of 50 rpm, which had 
been found suitable for forms up to three inches in 
diameter. 
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Fig. 2. Calculated temperature coefficient of inductance caused 
by shield around coil. 
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Before painting. the surface of the form had to be 
slightly roughened with a light sandblast to prevent the 
paint striper wheel from slipping. It was then cleaned 
with acetone. 

The width of the conductor is determined mainly by 
the width of the striper wheel, and slightly by the speed 
of rotation of the lathe and consistency of the paint. A 
conductor width of 0.060 in. was used. An adequate con- 
sistency for the paint was found when thinned with tolu- 
ene to the point where it dripped freely from a stirring 
rod. 

It is easy to correct a mistake by cleaning the coil form 
with acetone and starting over. After a successful helix 
has been made, it is desirable to keep the lathe turning 
for five minutes to allow the paint to dry uniformly. 

The firing schedule was critical and a certain pro- 
cedure had to be followed exactly. The furnace which 








Fig. 3. Making metallized quartz-form inductors. 





April 1955—Instruments & Automation—Page 623 






























































4 \ 
a 
i 
6 Le | 
= | 
; t | 
E \ 
wf ! 
Ji 
“ir 
ew | |) 
a = Cnen —~ = 
end = 
Beans a | 
oa 
| | 
Trew! 
x z ee 
—_— » rs) i 
6.3Ree' 60~ 
x | 
| | 
S ' 
' 
































“Teer 
inoveron 
THe rRmocovece : 
oc e 
| 
Oven 


Fig. 4. Test oscillator used to measure test inductor. 


fired the quartz was a Hoskins electric type. An external 
supply of oxygen was fed into the furnace to maintain a 
highly oxidizing atmosphere during the first part of the 
cycle. 

For the inductors the schedule was as follows: (1) 
Extra oxygen was fed into the oven and then the quartz 
cylinder was placed inside. Oven and quartz were at 
room temperature. (2) The temperature was raised to 
550 deg. C in one hour; that temperature was held for 
two hours while oxygen was fed into the furnace. (3) The 
extra oxygen was turned off and the temperature held at 
550 deg. C for another two hours. (4) The power was 
turned off and both oven and quartz were allowed to cool 
slowly to 50 deg. before the quartz was removed. 

The recommended bath used to copper plate these films 
consisted of 6144 ounces of sulphuric acid and 27 ounces 
of copper-sulphate crystals dissolved in one gallon of 
water. The films could not be burnished before plating. 
Stainless-steel electrodes were found essential. The plating 
must be done rapidly so as to keep the films in the solu- 
tion as short a time as possible; however, it must not be 
so rapid that the copper becomes porous and high re- 
sistance. 

Soldering to these films was done using low-melting- 
point solder and a flux made of one part of ammonium 
chloride dissolved in 100 parts of glycerine. The soldering 
had to be done rapidly and with the smallest amount of 
heat possible so that the quartz directly under the joint 
should not be damaged. 

One reason for the low Q of the inductor was the difh- 
culty of plating a thin conductor which is 20 feet long. 
The conductor for the 27.7-uh coil, before plating, had 
8-ohms resistance to direct current so connections made 
to each end of the inductor in the plating bath would have 
allowed plating only on the ends. To plate copper in the 
center it was necessary to make many contacts along the 
conductor. When enough copper had been deposited to 
reach the Q of 133 at 5.5 Mc, the plating operation was 
stopped in order to minimize the possibility of damaging 
the bond between silver and quartz. 
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Test Equipment and Procedure 


The inductor was tested as part of a tuned circuit of a 
highly stable oscillator. The change in frequency of the 
oscillator was measured as the temperature of the coil was 
varied. A precise method of measuring this frequency 
change consisted of beating the test oscillator with a 
signal from the primary frequency standards of the Gen- 
eral Electric Company. These frequency standards had 
been in operation for many years and their accuracy was 
known to exceed that required by this work. The differ- 
ence frequency was measured by means of an audio 
oscillator and oscilloscope. 

A Franklin oscillator was satisfactory for this applica- 
tion. It was found that the stability of the Franklin oscil- 
lator could be increased by the addition of a cathode fol- 
lower between the tuned circuit and the grid of one of the 
oscillator triodes (Fig. 4). The tubes used were a develop- 
mental type (Z-1383) which were built to possess a high 
degree of sturdiness and mechanical stability. A 7-in. 
diameter brass tube was used as a shield to minimize the 
effects of external disturbances. 

To test the equipment, the frequency was set at 5 Mc 
with an ordinary tuned circuit, and the beat between it 
and the crystal frequency standards noted. When the plate 
voltage was raised from 225 to 325 volts. the beat fre- 
quency changed only 50 cycles per second. When the 
heater voltage was varied trom 5 to 8 volts. the beat 
changed only 25 cps. This degree of stability was adequate. 

The final technique for measuring coefficients of in- 
ductance used the tuned circuit shown in Fig. 4. The 
oscillator was beat against the crystal-controlled fre- 
quency standards, the beat frequency being measured by 
an oscilloscope and audio oscillator. As the temperature 
was varied, the beat frequency was measured and re- 
corded. The change in the beat frequency was plotted vs. 
temperature. The slope (K,) of this curve was calculated 
in ppm per deg. C. The coefficient of inductance of the 
test inductor was then: 


«x, = —2K, (5) 
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INSTRUMENT-QUALITY AIR 


“Instrument-quality” air is air suitable for a typical pneumatic control 


system. The term is defined and psychrometric factors are discussed. 
Aftercoolers, secondary aftercoolers, desiccant dehydrators, and com- 


PAUL HANKISON 
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bination systems are described for obtaining instrument-quality air. 


HAT is meant by the term “Instrument Quality 

air’? As a general definition, we can say that “In- 

strument Quality” air is compressed air that: 
(1) is free of solid particles that could clog the smallest 
orifice in the system, (2) is free of oily sludge that could 
contaminate the instruments, and (3) has a dew point 
such that condensation of water vapor will not occur in 
any section of the system at any time or at any ambient 
temperature. 

Another practical application of the term “Instrument 
Quality” air is the hope that the makers and users of 
pneumatic equipment will set standards by which the 
quality of compressed air can be evaluated. 

In approaching the problem of eliminating moisture 
and contamination from compressed air, it is logical to 
find out why the air becomes contaminated in the first 
place. Atmospheric air always contains some moisture in 
vapor form. Every compressor, in addition to producing 
compressed air, also produces contamination of one sort 
or another. The lubricated compressor can inject water, 
oil vapor and oil, and carbon and tar products into the 
air system. These contaminants are caused by the lub- 
ricating oil being burned by friction of the pistons on the 
walls of the cylinders. A carbon-ring compressor can 
eliminate oil as a contaminant; however, carbon dust can 
become a contaminant. A water-seal-type compressor also 
eliminates the problem of oily contamination: however, 
the most serious contaminant—water—remains a prob- 
lem. 


Psychrometric Factors in Air 


In order to show how water is generated in a com- 
pressed-air system, consider a cubic foot of air at atmos- 
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Fig. |. Air containing contamination, before and after compres- 
sion. Circles represent water and oil vapors; solid dots represent 
dust and dirt particles. Conditions before and after compression 
are given in Table | for both adiabatic (no heat lost) and iso- 
thermal (no temperature change) compressions. 





pheric pressure and temperature, enclosed in a cylindrical 
vessel with a piston arranged so that pressure may be 
applied (Fig. 1). Assume a relative humidity before com- 
pression of 50 percent at 60 F. This means that the air 
contains one-half as much water vapor as it could contain 
at that temperature and pressure. 

As the piston is depressed, the energy applied increases 
both the pressure and the temperature of the gas. As the 
pressure is increased, the maximum amount of water 
vapor that can be contained in the gas is reduced; how- 
ever, at the same time, the temperature increases and 
allows the air to accommodate a greater amount of water 
vapor. The net result is a gas with a high temperature and 
a low relative humidity, as shown in the table. However. 
this is true only in adiabatic compression—that is, a 
compression whereby all the generated heat is retained 
and the air remains at the high temperature. In a pneu- 
matic control system, however, the air is never used at 
the temperature created during compression. Much heat 
is dissipated by radiation through the walls of the cylin- 
der; more is lost through the air lines to the receiver, and 
the receiver itself radiates heat to the atmosphere. If an 
aftercooler is used, still greater temperature reduction is 
accomplished, and the air is often at 100 or 150 degrees 
as it leaves the air receiver. 

The important aspect of the reduction in temperature 
is that as the temperature decreases, the ability of the 
air to hold water vapor decreases also, and the saturation 
point is reached while the air is still warm. As the air 
cools, its temperature reaches its dew point, saturation is 
exceeded, and the excess water vapor condenses into 
liquid. The final product is warm, saturated air in the 
receiver. This is shown in the table—the same air at 100 
psig. and 60 deg. F. is saturated. 


Table 1.—Temperature and Pressure Effects For 
Adiabatic and Isothermal Compression. 


Pressure Temperature Relative 


( psig.) (deg.F.) Humidity 
A (original condition) ......0 60 50% 
B (after adiabatic 
compression ) LO00 185 38% 
B (after isothermal 
compression ) LOO 60 L00% 


Presented at Conference on Instrumentation for the Iron & Steel In- 
dustry, Pittsburgh, March 25, 1954. 
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Fig. 2. Compressor installation in a boiler plant at a Pittsburgh steel mill. 
Compressor is at right. Large tank is the receiver. Horizontal pipes at top com- 
prise a water-cooled aftercooler. Air from aftercooler then enters the two water- 
cooled “Condensifilters’ shown at left for conversion to “instrument quality” 
air for use in the pneumatic controllers of the plant. Each ''Condensifilter” is 


rated 100 scfm at 100 psig. 


\s the air leaves the receiver through the tubing it 
continues to lose heat; as the temperature is reduced, 
water is generated in the line. Although this water can be 
trapped out before the air is admitted to the control sys- 
tem, the air lines upstream from the trap may become 
corroded: this causes additional contamination that must 
be eliminated. 


Dew Point 


In order that only “Instrument Quality” air be dis- 
tributed through the pneumatic system, if is necessary that 
the dew point of the air be reduced below any tempera- 
ture the air will encounter, in any part of the system, while 
the air is still at the higher pressure. If this is accom- 
plished, further condensation will be prevented and air 
lines will remain clean and dry. 

Dew point can be defined as the compressed-air tem- 
perature below which water vapor is precipitated as a 
liquid. As air is cooled it reaches saturation at some 
temperature (the dew point) and water condenses out. If 
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POUNDS OF MOISTURE PER 100 CU. FT. SATURATED AIR 


Fig. 3. Psychrometric chart shows pounds of moisture per 100 
cu ft of saturated air at any given temperature and pressure. 
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PINTS OF WATER PER 8 HOUR DAY AT 100 CFM FLOW 
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Fig. 4. Saturation curve shows pints of water carried 

in 8 hours by saturated air flowing at 100 cfm. Top 


illustration shows moisture condensed onto a device in 
@ pneumatic system. 


the air is cooled further, more liquid condenses out and 
the dew point falls to the lowest temperature to which the 
air is cooled. If the temperature is now raised, the dew 
point remains at the lowest temperature to which the air 
was cooled. 

A point where water often is generated is at the reduc- 
ing valve. As the saturated air passes through the reducing 
valve, both temperature and pressure are reduced. The 
reduction in pressure reduces the dew point, but the 
reduction in temperature increases the dew point. Fig. 3 
shows that at 500 psi and 100 F. saturated air can contain 
approximately 0.08 pound of water vapor per 1000 cubic 
feet. Now if we reduce the pressure to 100 psig at this 
same 100-F temperature, the air can contain 0.35 pound 
per 1000 cubic feet, more than four times as much as at 
500 psi. If we follow the 100-psi saturation line to where 
it is saturated, with the same amount of water vapor we 
started with (0.08), we find the saturation temperature, 
or dew point, to be about 50 deg. F. However, during this 
expansion from 500 to 100 psig. the refrigeration effect 
will cool the air to below 50 F. Therefore, while we are 
reducing the dew point, we are, at the same time, also 
reducing the temperature: and saturation may momen- 
tarily be exceeded. 

It is much easier to condense vapor than it is to 
evaporate the same weight of liquid because it is much 
easier to remove BTU from a vapor than it is to put 
BTU into the liquid. As a result, the condensed water 
remains as a liquid, and is carried on through the air 
lines with the air. Unless we reduce the dew point and 
relative humidity before pressure reduction, we will have 
trouble with water being formed at the reducing valve. 


Use of Aftercooler 


The conventional aftercooler has been used in an 
attempt to condense out a major portion of the water and 
thus reduce the dew point. Usually, however, the after- 
cooler is close to the compressor, and its inlet air tem- 
perature is high. Therefore, it seldom is able to reduce 
the air temperature to less than about 20 degrees above 
that of the cooling-water temperature. Hence the air 








Fig. 5. Typical air-operated equipment that requires instrument- 
quality air for continuous service with low maintenance. 


leaving the aftercooler is saturated at ambient temperature 
or above—but a dew point lower than ambient tempera- 
ture is required. 

When planning a compressed-air dehydrating and fil- 
tering system, the first thing to determine is the dew point 
necessary to prevent water from condensing in the lines. 
If the air lines are indoors, and the ambient temperature 
is always near 75 F, it is necessary to have a dew point 
of only 15 to 20 degrees below this temperature—that is, 
a dew point of about 60 degrees is satisfactory. 


Use of Secondary Cooler 


A conventional aftercooler alone usually can not pro- 
duce even this relatively high dew point because of its 
high inlet air temperature. However, a secondary cooler, 
downstream of the aftercooler, can take advantage of the 
reduced temperature from the aftercooler outlet and thus 
can reduce the instrument air temperature far below 
ambient, producing a dew point of only a few degrees 
above the cooling-water temperature. 

The efficiency of a cooler depends on its heat-transfer 
properties and on the temperature of the cooling water. 
If the outlet air temperature from the condenser is two or 
three degrees higher than the cooling water, the device 
will be satisfactory—if the cooling-water temperature is 
approximately 20 degrees less than ambient temperature. 
When the air has passed through the cooler, and has been 
reduced to about 20 degrees below room temperature. 
then allowed to warm to room temperature, a spread be- 
tween temperature and dew point is effected; this spread 
of about 15 or 20 degrees usually is sufficient to prevent 
further condensation as the air progresses through the 
air lines to the instruments. Cooling should be done at 
the highest pressure possible because the later reduction 
in pressure will lower the dew point and relative humidity 
still further. 


Fig. 6. This air supply at Sun Oil Co. boiler house, Marcus Hook, 
Pa., features two Condensifilters in combination with silica-gel 
dehydrators. Capacity is 100 cfm at 100 psig. 


Desiccant-type Dehydrators 


Although desiccant-type dehydrators are more expen- 
sive than mechanical or cooling types, a desiccant dehy- 
drator often must be used to obtain “Instrument Quality” 
air. If cooling water is unavailable, or if the air lines are 
subjected to low outdoor temperatures, the desiccant 
dryer may be required. 


Combination Systems 


It may be advantageous and economic to use a combina- 
tion of cooler and desiccant dehydrator. An efficient cooler 
will remove the major portion of moisture by condensa- 
tion, and also condense out most of the oil. With a cooler 
ahead of a desiccant dehydrator, it is often possible to 
reduce the size of the dehydrator and prolong the life of 
the desiccant by removing the oily contamination. 

Production of “Instrument Quality” air can not be 
done by conventional mechanical separators and, there- 
fore, is often considered expensive. On the other hand, the 
reduction of damage and maintenance for the instrument 
and control system makes the cost of proper filtering and 
dehydrating equipment a sound investment. 

There are hundreds of devices sold for producing clean, 
dry air. The term “clean, dry air” is relative; before 
purchasing a filtering and dehydrating unit for instru- 
ment service, three questions should be asked: 

1. Will this unit reduce the dew point of the air sufh- 

cient to prevent further condensation? 

2. Will this unit remove all particles that could clog 

the smallest orifice in the system. 

3. Will this unit remove oil, carbon, and tar products 

by the compressor? 

If the answer to all three questions is “yes,” then you 
can be sure the device will produce compressed air of 
“Instrument Quality.” 
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ELECTROMETER FEATURES DRIVEN ANODE 


An electrometer +225V 
tube is designed and 
operated to have un- 
usually high input 
impedance. By using 
a high vacuum, low 
operating potentials, 
low cathode-emis- 
sion current, etc., 
grid currents are 
kept as low as 10™'4 
to 10°" ampere. 

To maintain low 
grid current the po- 
tential from plate-to- 
cathode (E,,} must 
be less than about 
10 volts; the poten- 
tial from grid-to- 
cathode (E,,.) must not exceed —1 volt. Therefore, if 
the input signal is to exceed a fraction of a volt, it is 
necessary to drive the plate and the cathode by the signal 
voltage if the E,, and Ey are to be kept within the pre- 
scribed values—that is, the plate (as well as the cathode) 
must “follow” the grid. 

This electrometer circuit (used in the “Model 210” of 
the supplier) uses both the electrometer tube (Victoreen 
Type 5803) and the driver tube (12AX7) as cathode fol- 
lowers. However, the cathode signal of the driver also 
drives the plate of the electrometer tube so that the E,, 
of the latter never exceeds a few volts. (The 30 meg 
resistor is in a network that provides proper bias for the 
5803.) The electrometer tube thus maintains its high input 
resistance even with grid excursions up to 80 volts. (A 
British instrument using same basic circuit permits +500 
volts to be applied to the electrometer grid.) 

Source: Keithley Instruments, 3868 Carnegie Ave., 
Cleveland 15, Ohio. 


TO AMPLIFIER 








~225V 


THERMISTOR PROTECTS 
SERIES-STRING FILAMENTS 


Advantages of operating filaments in series include 
elimination of one power-transformer winding or even 
the power transformer (by use of voltage-doubler recti- 
fier), thus eliminating effect of the magnetic field of the 
transformer. 

As tubes of various current and voltage ratings are 
used in most circuits, it is necessary to use a series-parallel 
arrangement to provide each tube with its proper filament 
supply. However, as tubes warm up at different rates, and 
as the resistance increases with temperature, it is necessary 
to provide protection against the initial current surge 
when tubes are cold. 

This can be done by using a thermistor with negative 
temperature coefficient. As the thermistor resistance de- 
creases with temperature, its effect cancels that of the 
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tubes and protects against surges. Illustration shows use 
of a thermistor in an ac/dc radio-set string. 

Source: R. A. Humphreys, Sylvania News, Jan., 1955. 
Also G. C, Church, Service, December, 1954. 


ELECTRONIC SWITCH 


An electronic switch is a device that accepts two inputs 
and provides them both, alternately, at one output. By 
using the electronic switch, two signals can be traced on 
one oscilloscope screen for comparison. 

The conventional electronic switch uses a free-running 
multivibrator that must be synchronized to the scope 
sweep, requiring adjustments and often producing a ser- 
rated trace. This electronic switch uses an Eccles-Jordan 
flip-flop (rather than a multivibrator). The flip-flop is 
synchronized by the ‘scope sweep oscillator, and switch- 
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CIRCUITRY 


The circuit is the heart of all electron- 
ics. Here are six more basic and interest- 
ing circuits. Unless marked, resistors are 


in ohms, capacitors in microfarads. 


ing action takes place during the ’scope retrace time so 
that the trace is unbroken. 

The flip-flop circuit uses the two triode sections of the 
two 6K8 tubes, which are triggered alternately by the trig- 
ger input from the ’scope sweep. Negative trigger inputs 
may be taken from the plate of the thy ratron sweep oscil- 
lator (such as 884’s) of the auxiliary oscilloscope (which 
accepts the output signal of the electronic switch). 

Each triode section gates its associated pentode section, 
so that first input 1 and then input 2 is available at the 
output. The 50K balance potentiometer controls the d-c 
plate potential of pentode 1, and hence alters the spacing 
between the two traces on the auxiliary oscilloscope 
screen. 

Source: Meir Weger in Radio-Electronics, Oct., 1954. 


HARD-TUBE-DRIVEN COUNTER 


Magnetic counters, or electromechanical registers, 
often are used for counting rates up to 10 per second. 
Usually a thyratron drive is used; however, this hard- 
tube trigger has the 
advantage of deliv- 
ering better-shaped 
pulses to the coun- 
ter, and of never 
failing to return to 
the nonconducting 
state after actuation. 

The circuit is a 
one-shot multivibra- 
tor, with regenera- 
tive feedback from 
the 6V6 applied to 
the 6SL7 across the 
common 100-ohm 
cathode resistor; will operate counters rated at 110 v de 
and 60 ma. Power tube 6V6 is normally cutoff by bias 
resistors that hold cathode at a positive potential. Nega- 
tive input pulses of 0.5 volt or more will actuate the trig- 
ger, causing 6V6 to pass 100 ma for about 1/20 second. 
Duration of the current pulse, which is square-topped, is 
determined by the RC time-constant in grid circuit of the 
6V6. The network in the 6V6 plate circuit absorbs the 
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surge of voltage that is induced in the coil at the instant 
the 6V6 cuts off. 

Input to trigger counter: 0.5 v or more, negative pulse. 
Counter: 110 v, 60 ma. 

B supply: 360 v. 


Source: L. Fleming in Electronics, September, 1954. 


MAGNETIC AMPLIFIER DRIVES SERVOMOTOR 


This 400-cycle servomotor is driven by a magnetic am- 
plifier whose control windings are driven by a 12AU7 
dual triode. The saturable reactor develops 115 v rms, 
phase reversible, across the control winding of the motor. 


12AU7 


1 MEG 
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MAT-6 





























SV 400~ 


Full output is developed for 1 vy rms input. DC inputs 
may be used by deleting the input transformer and apply- 
ing push-pull signals of 13 v de, grid to grid. 

‘Power outputs up to 9 watts can be obtained, using 
commercially available magnetic amplifier units, at 115-v- 
rms supply voltage. Increasing supply voltage to 230 v rms 
doubles available output power. 

Source Impedance: 10,000 ohms or less 

Power Gain (magnetic structure): 40 

Input: 1 v rms at 400 eps or 13 v de, push-pull 

Voltage output: up to 115 v rms, phase reversible, 
across motor control phase. 

Power output: Depends on mag-amp unit used; up to 
9 watts for 115 v rms supply. 

Max. null voltage: 3 v rms 

Response time: 7.5 milliseconds. 

Source: United Transformer Co.. 


York 13, N. Y. 


150 Varick St.. New 


+ 5U4G-5Y3GT SUPPLY 
Power supply (260-v) of RCA KCS72D TV chassis has 
unusual feature—a 5U4G and a 5Y3GT rectifier are con- 
nected in parallel as full-wave rectifiers. Lower impedance 
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of 5U4G tube causes 2/3 of current to be developed by 


it, only 1/3 is carried by 5Y3GT. Load is divided in 
proportion to ratings of the two types—5U4G is rated at 
225 ma; 5Y3G at 125 ma. Use of split capacitors across 
line in technique used to reduce hum or to avoid an 
electrically “hot” chassis. 

Source: Radio-Electronics, Nov., 1954. 
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mation contained a report “The Instrument Indus- 

try—Today and Tomorrow.” The data below are 
added to include devices which cover automation. The 
code classifications which have been included are: 3571— 
Computing and related machines; 3591—Valves and 
fittings; and 3616—Electrical control apparatus. The code 
classification 3586—Measuring and dispensing pumps, 
has been omitted in this report. 


Tne January 1954 issue of Instruments and Auto- 


Dimensional gages and gage blocks, balancing ma- 
chines, micrometers and verniers; plug, ring, snap and 
thread gages and other measuring tools, which are so im- 
portant in automation are not included in this report as 
the Annual Survey of Manufactures includes these under 
Code 3543—Cutting tools, jigs, fixtures, etc. 


Code Classifications and Definitions included in 
this Report 


Code No. 3571—Computing and related machines, in- 
cludes adding, calculating, tabulating, and bookkeeping 
machines; card-punching, sorting, and tabulating ma- 
chines; and cash registers. It does not include typewriters 
and duplicating machines and devices. 

Code No. 3576—Scales and Balances, includes weigh- 
ing devices of all types, including those with automatic 
computer mechanisms and coin operated scales. Impor- 
tant products of this industry are industrial scales. com- 
mercial scales, household and person weighing scales, 
mailing and parcel post scales, railroad track and motor 
truck scales, as well as laboratory precision balances. 

Code No. 3591—Valves and fittings, except plumbers’ 


Table 1. Annual Dollar Volume of Products 
Shipped by the Instrument and Automation 
Industry in 1953 compared with 1952 and 1947. 
Product with Industry Code in| Sales in Thousands of Dollars 

Parenthesis 1953 1952 1947 


Computing and related 
| 570,665 


Machines (3571) 480,422 293,469 
Scales and Balances (3576) as 78.652 54,542 
Valves & Fittings except 

plumbers (3591) | 1,011,133 1,003,558 637,463 
Electrical Measuring 

Instruments (3613) | 390,772 299,006 153,380 
Electrical Control Appara- 

tus (3616) 1,220,910 1,088,188 628,283 
Scientific Instruments (3811) 375,664 488,325 126,703 
Mechanical Measuring In- 

struments (3821) | 925,753 846,073 376,473 
Optical Instruments & 

Lenses (3831) 150,230 122,695 36,08] 
Photographic Equipment (3861) 886,774 731,504 440,134 
Watches and Clocks (3871) 413.287 361,504 341,199 
TOTALS 5,945,188* 5,499,927 3,087,727 


*Data on Scales and Balances withheld because the estimate did 
not meet publication standards. 
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valves includes valves for controlling the flow of liquids 
or gases in pipes and mains, and for machinery including 
parts and fittings for such valves. It does not include 
plumbers’ fittings (faucets, spigots, etc.). 

Code No. 3613—Electrical Measuring Instruments, in- 
cludes instruments for indicating, measuring and record- 
ing electrical quantities and characteristics and includes 
pocket, portable, panelboard and graphic recording in- 
struments for measuring electricity, such as voltmeters, 
ammeters, watt-meters, watt-hourmeters, demand meters, 
and other meters and indicating instruments. This code 
also includes establishments primarily engaged in manu- 
facturing meter transformers, and analyzers for testing 
the electrical characteristics of internal combustion en- 
gines, radio apparatus, etc. 

Code No. 3616—Electrical and control apparatus in- 
cludes switchgear, switchboard apparatus and industrial 
electrical controls. Important products of this industry 
include power switches, circuit breakers, contactors, and 
similar switchgear for general industrial application; 
switchboards and cubicles, control and metering panels; 
power fuse mountings, and similar switchboard apparatus 
and supplies; and industrial controls such as motor start- 
ers and controllers, electromagnetic brakes, and electronic 
inspection and gaging apparatus and positioning controls. 

Code No. 3811—Scientific Instruments, includes lab- 
oratory, scientific and engineering instruments such as 
nautical, navigational, aeronautical, surveying, drafting, 
mathematical instruments, and instruments for labora- 
tory work and scientific research. 

Code No. 3821—Mechanical Measuring Instruments 
for indicating, recording, measuring, and controlling 


Table 2. Average number of all Employees of the 
Instrument and Automation Industry in 1953 
compared with 1952 and 1947. 


Product with Industry Code in 


Parenthesis 1953 1952 1947 
Computing and related 

Machines (3571) 56,789 53,256 16,375 
Scales and Balances (3576) . 6,683 6,526 
Valves & Fittings except 

plumbers (3591) 78,954 80,068 80,075 
Electrical Measuring 

Instruments (3613) 38,115 30,545 20,926 
Electrical Control Appara- 

tus (3616) 88,393 77,685 72,330 
Scientific Instruments (3811) 31,394 41,494 20,384 
Mechanical Measuring In- 

struments (3821) 78,876 75,426 53,237 
Optical Instruments & 

Lenses (3831) 16,419 13,552 6,458 
Photographic Equipment (3861) 60,165 54,839 50,911 
Watches and Clocks (3871) 29,277 28,437 34,623 
TOTALS 478,382* 461,985 391,845 


All Employees 17.092,881 16,061,041 14,294,304 


*Data on Scales and Balances withheld. 











In January, 1954, The Instruments Publish- 
ing Company, after careful analysis of the 
Census of Manufactures, first reported the 
news that the instrument-industry 1953 
volume exceeded $4 billion. More recent 
data now establishes the fact that the an- 
nual volume in 1953 exceeded $6 billion. 


temperature, pressure, mechanical motion, rotation, flow, 
liquid level, humidity, density, acidity, alkalinity, and 
combustion; dial pressure gages: physical property test- 
ing apparatus such as hardness, tension, compression, tor- 
sion, ductility, and elasticity testing apparatus; and in- 
struments for household and office use such as thermom- 
eters, barometers and rain gages. 

Code No. 3831—Optical Instruments and Lenses, in- 
cludes the products of establishments primarily engaged 
in grinding optical lenses and prisms, and in manufac- 
turing microscopes, telescopes, field and opera glasses. 
and related optical instruments such as refractometers. 
spectrometers, spectroscopes, colorimeters, polariscopes, 
and optical measuring instruments. It does not include 
the manufacture of eyeglass lenses, frames or fittings. 

Code No. 3861—Photographic Equipment and Sup- 
plies, includes still cameras, motion-picture cameras, pro- 
jection apparatus, photocopy and microfilm machines: 
equipment such as plate and film holders, tripods. film 
reels, developing tanks and machines, enlargers, and mo- 
tion-picture screens; and supplies such as sensitized film, 
paper, and plates; and prepared developers and fixers. 

Code No. 3871—Watches, Clocks and Parts, except 
Watchcases, includes electric clocks, watches, mechanisms 
for clockwork-operated devices, and clock and watch parts. 
Establishments engaged in assembling clocks and watches 
from purchased movements and cases are included. 


Growth of the Instrument Industry 


This information on the growth of the Instrument In- 
dustry is taken from the recent issue of the 1953 Annual 
Survey of Manufactures and assembled by the Instruments 
Publishing Company. 


Table 3. Productivity reported as Annual Dollar 
Volume of Products Shipped per Employee. 


Product with Industry Code in 


Parenthesis _ 1953 1952 1947 
Computing and related 

Machines (3571) 10,150 9,050 6.320 

Scales and Balances (3576) * 11,840 8,350 


Valves & Fittings except 


plumbers (3591) | 12,840 12,450 7.880 
Electrical Measuring 

Instruments (3613) 10,220 9,800 7.340 
Electrical Control Appara- 

tus (3616) | 13,810 14,000 8,680 
Scientific Instruments (3811) 11,950 11,800 6.200 
Mechanical Measuring In- 

struments (3821) 11,720 11,200 7,930 
Optical Instruments & | 

Lenses (3831) | 9,260 9,020 5.570 
Photographic Equipment (3861) | 14,710 13,340 8,640 
Watches and Clocks (3871) | 14,100 12,700 9.350 


*Data on Scales and Balances withheld because the estimate did 
not meet publication standards. 





Test Your 1. 0." 


See Page 656 for Answers 


All Questions are based on editorial matter in this issue. 








Question 1 


The analog computer 
can be valuable in process- 
control analyses because 

(a) it permits rapid 

analysis of complex 
systems 

(b) it can simulate 

nonlinearities such 
as dead time 

(c) it requires only em- 

pirical transfer- 
function-type de- 
scriptions of the 
process unit 

(d) all the above is true 


Question 2 


_The operational ampli- 
fier is a basic component 
of an analog computer. 
Which of the following 
statements about the am- 
plifier is true? 
(a) One to 40 or more 
can be required for 
a given problem 
(b) It is a high-gain 
a-c amplifier with a 
gain of millions 
(c) It is used for sum- 
ming only 
(d) It is used for inte- 
grating only 


Question 3 


Feedback is used with 
the operational amplifier 
to effect various opera- 
tions. Which of the fol- 
lowing statements about 
the circuit is true? 

(a) The input element 
is always a l-meg 
resistor 

(b) The feedback ele- 
ment is a resistor 
when integration is 
desired 

(c) Amplifier input, or 
virtual ground, al- 
ways remains near 
zero potential 

(d) All the above js 
true 


Question 4 


For multiplication of 
varying qualities, the ana- 
log computer can use a 
servomultiplier. Which of 
the following statements 
about the servomultiplier 
is true? 

(a) It contains a servo 
motor and several 
potentiometers 

(b) One input controls 
the motor, which 
moves the sliders of 
all the potentiome- 
ters 

(c) It is used to obtain 


xe 
(d) All the above is 
true 


Question 5 
A thermistor is often 
put in series with fila- 
ments of tubes in order to 
(a) protect against ex- 
cessive line voltage 
(b) protect against ini- 
tial current surge 
(c) indicate an open 
circuit 
(d) effect a time delay 
for a relay 


Question 6 

Recent data from the 
Census of Manufactures 
indicates that the annual 
volume of instrument and 
automation equipment in 
1953 was approximately 

(a) $200 million 

(b) $600 million 

(c) $4 billion 

(d) $6 billion 


Question 7 
Dew point of compressed 
air is the 
(a) temperature at 
which moisture be- 
gins to condense 
(b) pressure at outlet 
of compressor 
temperature at out- 
let of compressor 
(d) water content of 
saturated air 


(c 


Question 8 
The so-called “internal 
inductance” of a coil re 
fers to the 
(a) magnetic field with- 
in the coil itself 
(b) magnetic field with- 
in the wires of the 
coil 
(c) magnetic field cou 
pling two adjacent 
coils 
(d) al] the above 


Question 9 
A process consists of 
three tanks in series. Liq- 
uid flows from tank 1 to 
tank 2 to tank 3, through 
valves between the tanks. 
Which of the following 
statements about the equa- 
tion giving the level of 
tank 3 in terms of the 
process constants is true? 
(a) The equation is a 
second-order differ- 

ential equation 

(b) The coefficients of 
each term are con- 
stants of the R-C 

type 
Each coefficient ap- 
pears independently 
of the others so that 
change in one R-C 
constant does not 
affect the other co- 

efficients 

(d) All the above is 

true 


(c 
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Standard Types—ZQA (quvick-acting) ZSO 
(slow-operating), ZSR (slow-releasing), ZSA 
(slow-acting), and ZFA (for a-c operation). 
Operating Voltage—Series ZQA and ZSA, 
up to 135 volts, de; Series ZSO and ZSR, up to 
115 volts, de; Series ZFA, up to 115 volts, ac. 
Contact Spring Capacity—Series ZQA, ZFA, 
and ZSO, 13 springs; Series ZSA and ZSR, 6 
springs. 

Contacts—Normally single. load-carrying ca- 
pacity, 150 watts. 

Dimensions—Overall length, 21%”; height, 
1%)” to 2%"; width, 1%” for single pile-ups, 
14%,” for double pile-ups. 

Net weight—4-6 oz. 

Can be plug-mounted—ask for Circular 1804 
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“exactly 


large 
enough” 


Automatic Electric’s Class Z relay exactly fits many applications where 
relays of extremely small size cannot match its service and operating charac- 
teristics. Take these typical cases: 
Machine tool manufacturer—needed a relay that was small, but carried a 
good-sized contact load. 

Computer manufacturer—needed an inexpensive relay with large bearing 
surfaces for long life. 

For airborne equipment—maker needed a compact relay capable of with- 
standing shock, vibration, and extreme temperatures. 

All three selected Automatic Electric Class Z relays—and all three are 
highly pleased! 





Surprisingly low cost. 

You'll find, as many manufacturers have, that the Class Z—made to 
Automatic Electric’s usual standards of high quality—actually costs less 
than most so-called ‘‘cheap’”’ relays! Here’s a relay you can consider for 
all your relay applications! 

Write for recommendations, prices and delivery schedules. Delivery is 
prompt. Automatic Electric Sales Corporation, 1033 West Van Buren Street, 
Chicago 7, Illinois. In Canada: Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 


RELAYS coo DWITCHES 


Thal’ y wal: _ ELECTRIC 


® 
CHICAGO 
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Maintenance of 


Gas Pressure Regulators 


The severity of application affects the maintenance re- 
quired of gas-pressure regulators. Programs and details 
are given for both domestic and industrial regulators. 


LOUIS J. DELANEY 


American Meter Company, Inc. 


Friction and velocity effects are discussed in detail. 


URPOSE of this article is to establish minimum 
Pp frequencies for the field inspection and maintenance 

of domestic, industrial, district, and transmission 
regulators. Such periodic inspections are to be made to 
determine that the component parts of the regulators are 
functioning correctly and not excessively worn. Where 
malfunctioning or excessive wear is found, the regulator 
is to be repaired or replaced. 

The domestic (house type) regulator generally is 
checked by the customer serviceman at the time of a 
meter change or of a customer complaint. The maximum 
policy is for the serviceman to check (by means of a 
water-column U-gage) the outlet pressure of the regu- 
lator, and make necessary adjustments to bring the pres- 
sure within allowable tolerances. If circumstances permit 
and if economically feasible, some gas companies have 
the serviceman check the regulator for lock-up; if the 
lock-up is too high (2-inch w.c. above set pressure) the 
serviceman either can change the valve-seat disc and the 
orifice, or he can replace the regulator with a new one. 
As a last inspection step the serviceman may soap-test 
the regulator vent for possibility of a leaking diaphragm. 

A very important factor is the dust or dirt (such as 
sand, pipe scale, or thread cuttings) in the line to which 
the regulator is installed. A new regulator is carefully 
ground-in or “seated” and sent to the field. It may open 
only once, and then close on a small piece of hard sub- 
stance which will hold it just slightly off its seats until 
the erosion of the gas passing over its seats causes the 











May Meeting: Thursday, the 19th, Rio Hondo Coun- 
try Club, Downey, Calif. 

Feature: Carl F. Keyes, Southern California Gas 
Company, will present a talk on “Control of The 
Flow of Natural Gas to The Los Angeles Area.” 








regulator to no longer shut tight—even after the particle 
of foreign matter has been dislodged. It is, therefore, of 
extreme importance to blow out thoroughly all lines 
connected with the regulators before putting the regulator 
into service. On most regulators little trouble is experi- 
enced if the dust is perfectly dry because the dust will 
pass by the seats without clinging to them. However, if 
the dust is damp due to condensates or odorant oil, it 
will stick to the seats. On some house-type regulators that 
have been removed from service the dust was found piled 
up in a cone on the seat, restricting the flow of gas. 





Fig. |. Typical industrial regulators. 
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Fig. 2. Repairing regulators. 


Industrial Regulators 


Industrial regulators, which include from 11-inch 
single-valve types to 12-inch balanced-valve types, are 
maintained and inspected in a manner similar to do- 
mestic installations. Most industrial regulators incorpo- 
rate a recording pressure chart. 

Any time an industrial customer shuts the gas supply 
off completely, it is advisable to check the regulator for 
lock-up, at frequent intervals. 

An industrial-regulator maintenance program depends 
on the pressure reduction, load conditions, and the past 
experience. The frequency at which an industrial regu- 
lator is taken out of service and completely overhauled 
would be indicated by the pressure charts and by experi- 


ence. 


A Maintenance Program 


The following program is that of one of the large 
western gas companies for maintenance and inspection 
of regulators on transmission lines (1) at delivery points 
to the distribution system, (2) from transmission lines 
or stations, and (3) at compressor plants, including 
monitoring lines or stations. 


\. Regulators are to be inspected at least once each 
vear if failure to function correctly could result in: 
(1) Over-pressuring a facility above its maximum 
allowable working pressure. 
Interruption of service to a town or district. 
Any other condition which, in the judgment of the 
supervisor, would present a hazard to life or 
property, or cause a serious interruption of service. 
B. Regulators are to be inspected at least once every 
three years if failure to function correctly would result in: 


(1) Temporary discontinuation of a compressor sta- 
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tion’s operation, such as the shutting off the sta- 
tions fuel supply, so long as it would not cause an 
outage, or create a hazardous condition. 
Affecting the supply to an area or district so that 
a serious dispatching or operating problem would 
be presented, but which would not cause an out- 
age or create a hazardous condition. 

Any other situation which would present a serious 
operating problem without creating a hazardous 
condition or serious interruption of service. 

C. All other regulators, including regulators in stand- 
by ‘no-flow’ service, are to be inspected as required by 
the supervisor. Stand-by regulators, however, are to be 
placed in service, or otherwise checked for proper opera- 
tion, not less than once every three years. 

Inspection normally is meant to consist of dismantle- 
ment of the regulator and inspection of the valves, guides, 
posts, bushings, couplings, seats, valve stems, pins, dia- 
phragm, head, spring, spring stem, and any other moving 
parts. Dismantlement is not required if complete inspection 
can be accomplished by other means, such as use of in- 
spection openings. The diaphragm assembly need not be 
dismantled each time the regulator is inspected if the 
frequency between inspections is two years or less, and if 
its operation can be otherwise checked during the interim 
inspections. In such cases, however, the diaphragm as- 
sembly is to be dismantled and inspected at least once 
every four years. 


Friction and High-velocity Effects 


In addition to dust, there are two other factors that 
must be considered when maintaining regulators—friction 
and high velocity. 

Friction is the greatest enemy of all regulators. It is 
the element that can never be balanced out. It retards 











the motion of the valve in opening, as well as closing. 
Much time and effort have been and always will be devoted 
to the elimination of this destroying force. 

Ball bearings which roll in vertical races have been 
inserted to diminish the resistance to the stem connecting 
the diaphragm and the valve. Joints and bearing surfaces 
have been removed from the design of regulators wher- 
ever engineering ingenuity has been able to do so. Where 
stems pass through stuffing boxes they have been reduced 
in size and made of stainless steel to minimize friction. 
There is, of course, less friction around small stems than 
around larger ones. The use of “O” rings instead of 
stuffing boxes has been a big factor in eliminating fric- 
tion and reducing service calls, not to mention their good 
sealing qualities. 

High velocities across valves, even when the gas is 
clean, can cause erosion. Therefore, special valve seats 
of heat-treated tool steel, or a new composition of poly- 
ethylene, may be used. Regulators using this new material 
in exacting pressure-reducing service reducing (from 
1000 to 30 psi in one step) showed no appreciable wear 
for nearly eleven months. 


Pressure Reduction 


The question “How much pressure reduction should be 
allowed through one regulator”? was answered very 
nicely by Mr. C. S. Beard in the following manner: “The 
pressure cut is unlimited, assuming (1) that the parts 
of the reducing valve are designed to withstand the 





Fig. 3. Transmission installation at Millar Station, Pacific Gas & 
Electric Co., San Joaquin Valley. 


velocities and unbalance, (2) that the actuating means 
has the power to position the valve, and (3) that condi- 
tions are not sympathetic to ‘freezing’.” 

It is difficult to set down a positive set of standards 
that are applicable to every regulator station and every 
gas company. It is the responsibility of each operator to 
determine minimum maintenance frequencies for the regu- 
lators within their jurisdiction, and to establish more 
frequent inspections where necessary. 
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Midwestern Simulation Council meet- 
ing at Bendix Research Laboratories, 
Detroit City Airport, Detroit, Mich. 
April 24-28 

37th Annual Meeting of the Scientific 
Apparatus Makers Association will be 
held at The Greenbrier, White Sulphur 
Springs, W. Va. 

April 25-26 

First National Conference of Instru- 
ments and Regulators Division of 
A.S.M.E. will be held at University 
of Michigan, Ann Arbor, Mich. For 
information write J. A. Hrones, Mass- 
achusetts Institute of Technology, 
Cambridge 39, Mass. 


April 27-29 

Society for Experimental Stress An- 
alysis 1955 Spring Meeting will be 
held at Hotel Statler, Los Angeles, 
Calif. For information write W. M. 
Murray, P. O. Box 168, Central Square 
Station, Cambridge 39, Mass. 


May 2-5 

Annual Research Equipment Exhibit 
and Symposium in Instrument Tech- 
niques and Applications, National In- 
stitutes of Health, Bethesda, Mary- 
land. For information, write to the 
Supply Management Branch of NIH. 


May 12 

Western Simulation Council Meeting. 
Place: To be announced. 

May 12-13 

Annual Meeting of the Society for 





Applied Spectroscopy, Hotel New 
York, New York City. For information 
write Garton L. Crumvine, North 
American Smelting Co., Marine Ter- 
minal, Wilmington, Del. 

May 14-22 

Chemical Engineering and Equipment 
Exhibition at Frankfort, Germany. 
For information write Dechema, 
Rheingan-Allee 25, Frankfort/M, Ger- 
many. 

May 16-20 

40th National Conference on Weights 
and Measures, sponsored by the NBS, 
will be held at the Shoreham Hotel, 
Washington, D.C. For information 
write W. S. Bussey, NBS, Washing- 
ton 25, D. C. 


May 18-20 
National Telemetering Conference 
sponsored by the IRE, AIEFE, IAS and 
the ISA, held at the Hotel Morrison, 
Chicago. For information write Ray- 
mond C. Mayer & Associates, 36 West 
46th St., New York 36, N. Y. 


May 23-25 

Ninth Annual Convention of American 
Society for Quality Control, Hotel 
Statler, New York City. For informa- 
tion write Ellis R. Ott, Rutgers Uni- 
versity, New Brunswick, New Jersey. 


May 23-27 

Third Annual Conference on Mass 
Spectrometry, sponsored by the ASTM 
Committee E-14 will be held at the 
Mark Hopkins Hotel, San Francisco, 
Calif. For information write J. G. 


Hutton, General Electric Co., 1 River 
Rd., Schenectady, N. Y. 


June 6-10 

Third Human Engineering Institute 
will be held at Dunlap & Associates, 
Inec., 429 Atlantic St., Stamford, Conn. 
For information contact M. A. Tol- 
cott, c/o Dunlap & Associates. 


June 7-9 


Committee on Vacuum Techniques, 
Inc., will hold their Second Symposium 
on Vacuum Technology at Mellon In- 
stitute, Pittsburgh 13, Penna. For in- 
formation write Rudy Koehler, Com- 
mittee on Vacuum Techniques, Inc., 
Box 1282, Boston 9, Mass. 


June 9-10 

Conference on Carbon will be held at 
University of Buffalo, Buffalo, N. Y. 
For information write Carbon Confer- 
ence, Department of Physics, Uni- 
versity of Buffalo, Buffalo, New York. 


June 14-16 

First Magnetics Conference and Ex- 
hibit sponsored by the Basic Science 
Committee of the American Institute 
of Electrical Engineers in coopera- 
tion with the American Physical So- 
ciety and the American Institute of 
Mining and Metallurgical Engineers, 
William Penn Hotel, Pittsburgh, Pa. 
For information write A. C. Beiler, 
C/O Westinghouse Electric Corp., 2-F 
Materials Engineering Department, 
East Pittsburgh, Pa. 

November 14-17 

Second International Automation Ex- 
position will be held at Chicago’s Navy 
Pier. For information write The Sec- 
ond International Automation Exposi- 
tion, 845 Ridge Ave., Pittsburgh 12, 
Penna. 
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For this literature use postage-free order card on page 667 


Open-channel Flowmeters 


The universal application and complete flexibility of 
Bailey Open Channel Meters is demonstrated by the fact 
that they may be used for or with practically: any fluid 

BAILEY INDICATING RECORDING 


AND INTEGRATING FLOW METER 
TYPE FF36,CLASS 1-7A 
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(sewage, sludge), any open-channel device (Venturi flumes, 
weirs, or nozzle flumes), any mounting, any range, any 
register, any control problem (ratio, chemical feed), any 
telemetering application, any operator. (From new 12- 
page Bulletin M22-5, Bailey Meter Co., 1050 Ivanhoe Rd., 
Cleveland 10, Ohio) 


For more literature circle 501 on inquiry card. 





Microformer Stress-strain 
Recorder 


The Microformer type recorder takes its name from the 
miniature transformer (Microformer) which is its key 


Reversible 


Micrometer 
Screw Strain Servo Load Actuated 
Stylus 


Magnification on . 


|_ Wire Cable Connection Amplifier 



























TYPE M 














feature. The operator of the Microformer type (MODEL 
M) recorder is illustrated. 

Increasing deformation of the specimen moves a strain- 
actuated lever in the strain follower. Movement of this 
lever displaces the movable core of the Microformer, and 
the movement of this core induces a change in the output 
of the Microformer, upsetting the balance between it and 
a similar Microformer in the recorder. This unbalanced 
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signal is amplified and drives the servo motor. The servo 
motor in turn rotates the recorder drum, and at the same 
time moves the core of the recorder Microformer to a 
position in which its output again balances that of the 
Microformer in the strain follower. As the specimen 
continues to deform under load, the cycle is repeated. 
(From new 28-page Bulletin 4215, Baldwin-Lima-Hamilton 
Corp., Phila. 42, Pa.) 


For more literature circle 502 on inquiry card. 


How To Magnetize Magnets 


Many permanent magnets and permanent magnet assem- 
blies, because of their size and shape or pole arrangement, 
cannot be magnetized by conventional methods employing 
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TRANSFORMER | 
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HALF CYCLE MAGNETIZER 


solenoids and electromagnets. This has led to the develop- 
ment of impulse magnetizers which deliver large pulses 
of unidirectional current to a single-turn or multi-turn 
magnetizing loop. This makes possible the magnetization 
of magnets which form an almost completely closed loop 
and those in which the reluctance of the air gap is less 
than the reluctance of the magnetic material. (From 12- 
page Vol. 3, No. 1 issue of “Applied Magnetics,” Indiana 
Steel Products Co., Valparaiso, Ind.) 


For more literature circle 503 on inquiry card. 


Titanium 


Titanium was discovered in 1791. But it was not until 
recently, through the combined efforts of the Bureau of 
Mines and industry, that it was made available to the 
metalworking trades. 

Titanium is a silvery gray metal possessing an unusual 
combination of properties which make it a most promising 
material for a host of new applications. 

Outstanding among its advantages are the characteris- 
tics of light weight and high strength. Titanium is classi- 
fied as a light metal—it is only 56% as heavy yet is 90% 
as strong as alloy steel; and is only 60% heavier than 
aluminum. The ratio of fatigue limit to tensile range is 
between .55 and .85 for unalloyed titanium, compared with 
.5 and .3 for steel and light alloys, respectively. 

Other advantagés are corrosion resistance, good ductil- 
ity, formability, and heat resistance. Titanium is also 
nonmagnetic. (From new 8-page Bulletin 48, covering 
fabrication and applications of titanium, Superior Tube 
Co., 1566 Germantown Pike, Norristown, Pa.) 

For more literature circle 504 on inquiry card. 


Cylinder Conomotors 


The Cylinder Conomoter is a pneumatically positioned 
power operator developed by Conoflow Corporation for 
powering any control element used in the “control loop” 
of automatic operations. 

The output signal can be either electronic or pneumatic, 

















New APLATIG Reformer at Atreco Refinery 


features Swartwout Autronic Control 


Atlantic’s Catforming means high octanes 
... high yields . . . low cost . . . proved 
performance. And for its new Catformer at 
the Atreco Refinery, Atlantic specified Swart- 
wout’s Autronic Control System—the revo- 
lutionary step forward in sensitive, precise 
process control. 

It senses .. . controls .. . indicates and 
records pressures, temperatures and flow. 


And the Autronic System does it electroni- 
cally without boosters, slide wires, motors or 
troublesome air lines. 

Call in our engineering representative to 
explain how the Swartwout Autronic Con- 
trol System can bring newaccuracy and speed 
to your process instrumentation. Or write 
today for literature on the proven Swartwout 
Autronic Control System. anal 
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THE SWARTWOUT COMPANY ¢ 18511 EUCLID AVENUE +« CLEVELAND 12 + OHIO 
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For more information 





AUTRONIC PANEL for new 
Catformer in Atlantic's 
Atreco Refinery, near Port 
Arthur, Texas, largest 
electronically controlled 
refining unit in America. 


REAR OF PANEL shows 
neat, easy-to-maintain 
Autronic instruments. 
No dead band means 
greater sensitivity. 


Photos: Courtesy Atlantic 
Refining Company. 
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depending on the type of instrument used. In pneumatic 
instruments, the conventional signal range is 3 to 15 psi 
and within this range, the instrument is generally capable 
of modulating the signal in increments of as small as one 
part in one thousand. 

The Cylinder Conomoter consists of (1) a specially de- 
signed cylinder, (2) a piston with “O” ring seal, (3) an 
integral high-capacity positioning device and (4) a “cush- 
ion” loading regulator. 
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External positioner type Cylinder Conomotor 


Cylinder Conomoters are available in a variety of diam- 
eters and areas, travels and mounting arrangements, rang- 
ing from 2%” bore to 10” bore with travels up to 10” in 
the larger sizes. When travels are greater than 4”, or when 
“characterization” is required, a cam-and-lever type of 
external positioning device is employed. Cylinder Conom- 
otors can develop thrusts as high as 5000 lbs., yet are 
capable of holding these thrust loads to within .002” of 
stem travel when positioned from automatic control instru- 
ments. (From new 12-page Bulletin B-50, Conoflow Corp., 
2100 Arch St., Phila. 3, Penna.) 


For more literature circle 505 on 











CR-39 


is an optically clear, rigid, ther- 
mally-set plastic comparable to 
polished plate glass in lustre, smooth- 
ness and resistance to chemicals, 
wear, abrasion, weathering—out- 
standing for impact resistance! 











WE AL for Instrument Windows 


AND OTHER INDUSTRIAL APPLICATIONS 


We Will Precision-Fabricate And Cut It 
To Your Exact Needs! 


Get all the facts on CR-39 and our various other products. 
They can add wear, usefulness and value to your products. 


Write Us Today! 


CAST OPTICS CORP. 


DEPT. A, 123 NEWMAN ST., HACKENSACK, N. J. 


=e | 
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Low-Pressure Calibrator 


The Republic Low Pressure Calibrator was developed 
... to accurately calibrate low-pressure instruments such 


Research-Quality D-C 


FINE BALANCE NUTS NULL BALANCE INDICATOR 


CIRCULAR LEVEL 


\ 





BEAM PROTECTING PRESSURE VACUUM ~ 
COVER _PAN PAN 


RIDER BEAM 


LEVEL ADJUSTING ‘ 
= Extreme stability over long 

time periods despite load and line-voltage 

variations or transients... that’s the prime requirement 
for a laboratory or quality-control d-c power supply. 
CEC’s new Type 3-132 Low Voltage Regulated Power 
Supply combines this high precision with unusual con- 
venience and adaptability. It is self-contained, usable 
anywhere there is 115-volt, 50/60/400-cycle power. 


CONDENSED SPECIFICATIONS... 
0-15 volts d-c at 1 amp (max) 
Less than 5 mv/hr drift 














CENTER TUBE WEIGHT RACK 
VENT COCK 
BELL aes = 
~~ 
Be me | _OUTPUT TUBE TO 
BELL INSTRUMENT 
CHAMBER | | BEING CALIBRATED 


Olu LEVEL | 
PLUG . t | | r PINCH COCKS 


Olt LEVEL 7 





Stability 
Voltage Regulation 


_ASPIRATOR BULBS. 
(PRESSURE & VACUUM) 


For complete specifications, send today for Bulletin CEC1543-X6 


Consolidated Engineering 
Corporation 
ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 
300 North Sierra Madre Villa, Pasadena 15, California 


REAR LEVELING FOOT 


DRAIN PLUG 7% HANDLE OPERATOR 






































CENTER TUBE 
DRAIN 


Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago, 
Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D. € 
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as diaphragm gages and differential-pressure transmitters 
. .. It has proved to be more accurate and easier to use 
than water-column manometers. 

The Calibrator is a manually operated pneumatic force 
balance consisting of a standard chemical weigh scale and 
an oil sealed bell system. Weights on the scale are bal- 
anced against an opposing air pressure in the bell. Thus 
air pressure in the bell can be used as a standard for the 
calibration of an instrument. (From new 4-page Form 
52-3, Republic Flow Meters Co., 2240 Diversey Pkwy., 
Chicago 47, Ill.) 

For 1 











DIAPHRAGM 


GAUGE 


For Accurate Pressure 
Measurement in 
Ounces or Inches 

of Water ” 


we 


Automatic Proportioning 


Select-O-Weigh is a development in automatic propor 
tioning equipment which permits the “dialing” of indi- 


Rock Cement 





























Richardson 7 = . ne 
= Available in standard : is iano” 


dials (reading in inches 
of water) 0-15" -0-30" 
-0-60"" -0-100" 0-160" 


automatic 
bulk scale 








Proportioning control panel 





Marshalltown Figure 83 is an extremely 
sensitive gauge that uses a carefully 
seasoned bronze diaphragm to ac- 
curately measure very low pressures. 


ae - Mixed product 
200 Ib botches q ai 





of proportioned 


product 


/ 
/ 


- 
ig _7 controls 


_ Material level os 
- 


. also in ounce grad- 
uated dials from 15 


It is used extensively on many types 
of natural gas installations for check- 


pe. / ounces to 5 pounds. ing low pressures 
j | " i ’ | i 
cut-flight / fl 2\/2 A 3 /2"" and 4/2 
mixing ies paises dial sizes mounted in 
black enameled steel 


case. 





Write for details and price. 
LOOK TO MARSHALLTOWN FOR 
ONE OF THE MOST COMPLETE LINES 
OF — PRESSURE GAUGES 
MADE! 


MARSHALLTOWN MANUFACTURING CO. 
MARSHALLTOWN 3, IOWA 


conveyor hopper bagging scale 


Sewing 











machine 


0) 0 0 0 Bags of concrete, 
Bagging mortor, grout or 
conveyor 7” a > sond-clay mmes 





re ation circle 100 juiry ca 


April 1955—Jnstruments & Automation—Page 639 











CUSTOM MANUFACTURE 
OF SMALL PARTS 


@ Shafts, Staffs and Pivots of Special Pivot 
Steel, Heat-Treated and Metallographic- 
Polished. @ Tubular Products up to 4%" 
Diemeter, Cut, Flared, Swaged, Formed and 
Burr-Free Alloy or Silver Plated. @ Screw- 
Machine Products up to 3/16" Diameter. 
@ Roll-Threading and Knurling to Close 
Tolerances. @ Centerless and Surface Grind- 
ing with Special Facilities for Ceramic Rods 
and Shapes. @ Light Punch-Press Work. 


SERVICES FOR 

CUSTOMERS’ PARTS 

@ A Multitude of Services are Available 
for Customers’ Parts at Any Stage of Man- 
ufacture. These Include: Controlled-Atmos- 
phere Heat-Treating, Centerless Grinding, 
Surface Grinding, Knurling, Thread-Rolling, 
Swaging, Drilling, Milling, Burr Removing, 
Metallographic, Polishing, Barrel-Plating in 
Alloy or Silver. 

ASSEMBLY SUPPLIES 

@ “Welton” Non-Corrosive Instrument 
~ <1 Solder Paste. @ “Weltonoil” Treated Button- 
~1] wood Pith. 


APPARATUS DESIGN SERVICES 
In Connection with the Design and Fabri- 
cation of Precision Miniature Parts. 


ENGINEERING ASSISTANCE ON ALL ITEMS 


MA Te)alatiela 
ENGINEERING COMPANY unc. 
87 SUMMIT AVENUE . SUMMIT, N. J. 
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AXENRARARARARERAY 
Creative Engineering 
Opportunities with Republic 


Research 





VIBRATION ENGINEER 


” 
/ Two to five years aircraft vibration 
experience required. Shock and vibra- 
# tion theory and a practical knowledge 
é of electromechanical shaker applica- 
g tion as used in experimental research 
testing of complete airframes for flut- 
é ter analyses and component investiga- 
# tion essential. Familiarity with usage 
e of accessory electronic instrumenta- 
tion equipment desired. Graduate with 
Y M.E. or A.E. degree preferred. 


Please address complete resume, 
outlining details of your 
technical background, to: 


Mr. R. L. Bortner 


Administrative Engineer 





‘4 SIE PUEEAE AVIATIaS, 
FARMINGDALE, LONG ISLAND, NEW YORK 


ty YWARAABAABARABAAS 
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vidual ingredient weights in a formula. Weight selector 
dials are arranged on a control panel (usually remote from 
the automatic scales), and are equal in number to the 
maximum number of ingredients used at any one time. 

Integral with the Select-O-Weigh System can be remote 
indicating of scale weighings on the control panel, as well 
as remote recording and remote printing of each draft. 
(From new 28-page Bulletin 0351, Richardson Scale Co., 
Clifton, N. J.) 


For more literature circle 507 on inquiry card. 


Dynograph Oscillograph 


The Offner Dynograph direct-writing oscillograph fea- 
tures: sensitivity up to 15 microvolts d-c per mm; drift- 














free; one-percent linearity; rapid pen response—1/120 
second deflection time; no warm up. 

The response and versatility is made possible by the 
chopper amplifier design .. . a large amount of feedback 
is employed to give an output impedance of less than one 
ohm. Frequency response is within ten percent to 70 eps. 
(From new 8-page Bulletin L-742, Offner Electronics Inc., 
5320 N. Kedzie Ave., Chicago 25, IIl.) 
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~"FLECTRONIC CRANE SCALE 


Weighs heavy loads suspended 
from crane hook. Printer, lo- 
cated in crane cab or other con- 
venient location, records weight 
on tape or cards. New compact 
printer only 22” x 18” x 10%”. 
Entire assembly designed for 
prompt and easy installation. 

Now available at new low cost. 
Capacities 5 10 15 tons 














Write for free Ametron 
Brochure K-3 


THE 


STANDARD 
STREETER-AMET COMPANY oF 
4101 RAVENSWOOD AVENUE ¢ CHICAGO 13, ILLINOIS oa 
1888 


Branches in Detroit, Pittsburgh, Allentown, Birmingham and Los Angeles 
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Relays, Actuators 


The wire used for wind- 
ing coils is generally re- 
ferred to as magnet wire. 
Insulation on magnet wire 





Slow Operate »— 
Single Wound at. is usually a thin enamel 
Arm End Slug cd film having high dielec- 


tric strength and efficient 
winding qualities. When- 
ever conditions call for 
temperature higher than the limit for plain enamel insula- 
tion, other types of insulation such as Formvar, silk, nylon, 
glass or silicone impregnated coverings are used. 

In almost all cases coils are wound with copper magnet 
wire as recommended. However, where the requirement 
calls for a relative high resistance with minimum turns, 
then resistance wire is used. Advance resistance wire hav- 
ing a very small temperature coefficient is often used in 
series with copper wire to make a relay operate within 
narrow voltage limits, yet not be affected by temperature 
variations to the extent found in an all copper wound 
coil. 

A non-inductive winding in multiple with an inductive 
winding may be used to operate a relay on half wave recti- 
fied current. (From new 54-page catalog, “Relays and 
Actuators,” Phillips Control Corp., Joliet, Ill.) 
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Magnetic Tape Data Recording 


Basic in our equipment is the concept of wow and flutter 
compensation as a “must” in all analog data recording. 
Compensation achieves results with respect to signal-to- 
noise ratio and data accuracy which are so valuable, in 
relation to the cost, that it should never be ignored or 
omitted. Compensation can be applied to any system of 






NEW! 


AGASWITCH 


TRADEMARK 


...tO introduce 
time delays into 
electrical 
circuits 


A CASINO 
TIME DELAY SWITCH 


a 1 


* AGA, oe sn: 
oa hae ee : 












1 2 
o—, 
SWITCH 
| 3 4 ] 











Circuit diagram, 


5 © “© 6 double pole unit 
¢ Adjustable —time delays from 0.1 second 
to 5 or more minutes 
* Manually operated, pneumatically timed 
© Only 342” x 242” x 212” overall 





* Both single and double pole types 
¢ Accurate, adaptable, compact and inexpensive 
Write for details or application engineering 
assistance. Address Dept. A6-49. 


v VA ELASTIC STOP NUT CORPORATION OF AMERICA 
A 1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 


DIVISION 
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GET THIS FREE 
STAMPED GEAR GUIDE! 


SEND TODAY for useful 
4-page folder . . a valu- 
able guide to all that is 
best in the mass pro- 
duction and use of low- 
cost Stamped Gears, 
Tools and Assemblies. 
Many various types are 
described. Alsocontains 
technical data, tables, 
ideas, suggestions. Use 
company stationery, 
please! 


win Zeter 


sramene OFAee 








WINZELER MANUFACTURING & TO0i CO. 


1712 WEST ARCADE PLACE, CHICAGO 12, ILLINOIS 
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FOR TESTING FABRICS 
THAT MUST HOLD GAS 





The Cambridge Fabric Permeameter is an accurate, rugged and 
convenient instrument for production testing of the permeability 
of fabrics which are to be inflated with Hydrogen, Helium, Carbon 
Dioxide, etc. 

The rate of permeation through the fabric is quickly determined by 
equipment utilizing the thermal conductivity method and is indi- 
cated in terms of liters per square meter per 24 hours of the 
retained gas. 

Manufacturers of fabrics for lighter-than-air Craft, Life Rafts, Life 
Jackets, Gas Masks, etc., will find this an indispensable instrument. 
Send for particulars. 


CAMBRIDGE INSTRUMENT CO., INC. 
3742 Grand Terminal, New York, N.Y. 


CAMBRIDGE 
FABRIC PERMEAMETER 
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WILDER 
PROJECTOR 
The MICRO-PROJECTOR 


with the 
VERTICAL 
DESIGN 





@ New Gage Company 
Precision Plastic Comparator Charts 
made on non-changing, unbreakable 
material; available for 360° angular 
checking, radii, threads and special 
charts to your specifications. © The 

Wilder so equipped will inspect faster, | | 
> more accurately, without the need of | | 
to-scale manually built drawings. | | 


Economy ¢ Accuracy * Moderate Price 








Geo. “SCHERR OPTICAL TOOLS, Inc. 


200-MG LAFAYETTE ST. » NEW YORK 12, N.Y. 
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mat 


FERRULE TERMINAL « phenolic tubing 


the WIDEST RANGE 
in the INDUSTRY 







STUD TERMINAL « phenolic tubing 









SPECIFICATIONS 


OC output voltages from 20 to 20,000 volts and up. 
DC output current, halt wave from .2 MA to 195 MA. Cell 

diameters from 1/16” to 1” Cartridge lengths 
from 1/2” to 12” 









© PIGTAIL TERMINAL « phenolic tubing 






APPLICATIONS 
Computors, geiger counters, 

guided missiles radar circuits, oscilloscopes 

Hermetically sealed units available for airborne applications. 


y INTERNATIONAL 


RECTIFIER CORPORATION 
* ORegon 8-6281 


Write for Bulletin H-2 


ne) CALIFORNIA 
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analog data recording which is extant today, and to many 
systems which at the moment are only ideas. Compensation 
methods have been used most extensively in FM carrier 
recording, but this should not be interpreted to mean that 
they are applicable only to this system. We have yet to 
hear of a data recording method to which wow and flutter 
compensation cannot be applied, the cost invariably being 
far less than the cost involved in the “head-on” attack— 
that of reducing wow and fiutter to an absolute minimum. 

The simplest form of compensation in a FM system 
achieves the following: Eliminates noise due to tape mo- 
tion irregularities performance is independent of 
percentage deviation of carrier . makes accuracy at 
10% of full scale as accurate as at full scale. (From new 





14-page Bulletin 54-D, Davies Laboratories, Inc., 4705 
Queensbury Rd., Riverdale, Md.) 
For more literature e 510 on ir , rd 


eo +. . 
Digitizers 

The Digi-Coder position into discrete 
electrical contact combinations output is provided 
directly in decimal, binary, teletype, binary-decimal, or 
any digital code without resort to further conversion. 

Two types are made... the C-Z Digi-Coder briefly halts 
shaft motion for a “static” readout . the C-3 permits 
the drums to remain stationary while the input shaft con- 
tinues to rotate. 

The second basic type, 
balancing potentiometer 
volt input and up. 

The input shaft is directly connected to a code drum, on 
the surface of which are machined hills and valleys form- 
ing in effect a number of coaxial cams. Above the code 
drum is located the sensing block which holds a number 


converts shaft 


Type P, contains an integral self- 
. will operate on a 0 to 1 milli- 












unique in design — 
rugged in construction 


GREEN 
PANTOGRAPH 


ENGRAVERS 
THE FAMOUS 


MODEL 106 


THE NEW 
HEAVY-DUTY 
MODEL D-2 






The three-dimen- 
sional bench Model 
106 cuts costs — 
engraves, routs, 
models and pro- 
files, giving you ex- 
pert results even by 
unskilled workers. 













The Model D-2 two dimensional heavy-duty Panto- 
graph is a precision machine with a multitude of E 
new features. Open on three sides, it permits ee; 
complete freedom for engraving, milling, profiling - 3 
large panels (up to 30” in diameter) or bulky gee | 
pieces, Single, micrometer adjustment controls bt 
vertical depth of cut, automatically adjusting ~-- 
copy table with pantograph. Range of reduction : 
ratios from 2-to-1 to infinity! Vertical range over 

10 inches! 


For complete information, write to 


GREEN INSTRUMENT COMPANY 


383 Putnam Ave. Cambridge, Mass. 
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SENSING PINS 

















SECOND pice este aieediae | thew. out obsolete testurg 


conTacts Cut Production Rejects and Re-work 
FIRST SENSING BLOCK as much as 47% ; 
Streamline Preventive Maintenance 


33 RANGES 





ae Speed Up Trouble Shooting ponte ages 
eo | with Triplett Model 630 ey er 
: TV and other High 
Streamline Volt-Ohm-Mil-Ammeter— Resistance Circuits 
quick, accurate checks on voltage, AC. VOLTS 
current and resistance Pye AS 
; ” 0-3-12-60-300- 1200-6000 
Uses minimum bench space—3-7/32" x [aaW Awa reenamra 
5-1/2”—only 4 lbs.—completely For preater accuracy: in 
portable for all preventive Audio and other High 


maintenance and 
electrical trouble shooting— 
laboratory instrument precision 


Impedance A.C. Circuits.) 
D.C. MICROAMPERES 


OETENT WHEEL 
SYNCHRONIZING CAM 





SECOND —— 
ASSEMBLY CRANK 









| 
| 
— FIRST ASSEMBLY 
CRANK 
| 


———- SECOND CODING ——~—~ MEASURED - VARIABLE INPUT : ; 0 60 at 250 M V 
— roca Operation is completely streamlined— gg tata 
C-2 DIGI-CODER | one switch for both circuit and D.( Bete -+al ERES 
of sensing pins which can actuate simple on-off electrical | range selection “rent 250 MLV. 
ee Bt Ls - NV 


contacts. 

When a readout is required, a readout solenoid, elec- 
trically actuated, pulls the first assembly crank to bring 
the sensing block down to the code drum such that all sens- i 
ing pins are either in or out, depending on their respective i 
hills and valleys on the code drum. In this position of the 
sensing block, the output thus consists of a number of closed 

} 


0-12, at 250 M.V 
D.B.: 

—30; +4, +16,430, 
+44 +56, +70. (For 
Direct Reading of 
Output Levels 

*OHMS 
0-1000-10,000 (4.4-44 
center scale) 
*“MEGOHMS 

0-1-100 (4400-440.000 
Ohms center scale 


electric circuits and a number of open circuits. Since every 
position of the input shaft places a unique configuration 
of hills and valleys beneath the sensing pins, the open and 
closed circuits leaving the sensing block are, in essence, a 
coded digital expression of the value of the measured vari- 
able represented by the input shaft position at time of read- 
out. (From new 12-page Catalog 58-10, Fischer & Porter 
Co., Hatboro, Pa.) 


630 VOLT-OHM-MIL-AMMETER 
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Instrument Field As A Career senior COMPANY 
What is the Instrument and Control Industry? Where ie. Bee hen ee 
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EQUIPMENT LASTS LONGER 
--»- PERFORMS BETTER... 
when the 


ARIDIFIER 


SCRUBS, CLEANS AND DRIES 
On Air and Gas Lines 






| | Standards 
_ Engineers 


| 
~ 
for Primary At Hughes we are conducting funda- 
Standards and mental research and development and 
production engineering in the fields of 


Instrumentation radar systems, guided missiles, digital 


OUTLET LASTS LONGER because... 
The Aridifier’s patented centrifugal-baffle Laboratory and analog computers, microwave 
action traps 92% of all dirt, oil, scale and si tubes, semiconductor products and 
water in gas or compressed air . . . and 


° 2 ivities > iringe use of é , 
drains off these troublemakers before they other activities requiring use of many 


can damage tools and equipment. 
PERFORMS BETTER because... 

The Aridifier protects tools against the 
freezing, fouling, caking and corrosion 
caused by dirt and foreign matter .. . as- 
sures the clean, dry air and gas that means 
better spray work, painting, lacquering, 
sand blasting, air cleaning, and similar 
operations. 


Easily installed, the Aridifier maintains itself. 10 
models. Capacity range; 7 CFMto 17,000 CFM. 


types of test equipment. 

Those with extensive experience in 
the calibration and maintenance of 
precision electronic and electromechan- 
ical test equipment—with emphasis on 
measurement of electrical quantities 
to very close tolerances—will find sat- 
isfying outlets for their abilities in 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
this work at Hughes. 









Leare HOW the Aridifier 
scrubs with a patented cen- } 
trifugal-baffle action. 


Write for This Catalog 


Scientific and Engineering Staff 


' Hughes 


Research and Development Laboratories 















Ogan ENGINEERING CO Culver City, Los Angeles County, California 
4921 W. Lawrence Ave., Chicago 30, Ill. 
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low cost 
+++ inventory 
. +» installation 
+ ++ Maintenance 











miniature 


... for space economy 





maximum circuit flexibility 
..- more than 145 electrical arrangements 





An entirely new concept in automatic time interval control, 
Atcotrol is designed to be the standard in its field. 
Requires but one clearance hole for mounting. Atcotrol 
timer can be demounted from panel in 2 seconds without 
tools, Completely serviced with a screwdriver. Either reset 
or stop on power failure. Motor, clutch and reset operation 
visible from front. Instantaneous reset. No pointer rebound, 
Built to NEMA standards. Conservatively rated at 10 amps. 
Repeat accuracy within .1 of 1%. Many other new and exs 
clusive features. 
Write for complete information. 
Trial unit available to o.e.m.’s. 
Automatic Temperature Control Company 
5224 Pulaski Ave., Philadelphia 44, Pa. 


Represented in Canada by: Powerlite Devices, Ltd., Toronto, Montreal 


ATCOTROL 
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Yes, you get more for your 
relay dollar from Comar. You get 

top quality relays, precision 
engineered for peak performance. 
You get dependable relays, 
job-tested and job-proved. 












You get relays “‘custom- 
manufactured" to your specs. You get 
the exact characteristics, sizes and 
mountings to fit your needs. 
You get fast service. Complete 
manufacturing and sealing 
facilities are all coordinated in 
one modern plant. 

You save time and money. 





Send For Details Now! 





Olffal evectric COMPANY 


3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 
RELAYS » SOLENOIDS + COILS « TRANSFORMERS « SWITCHES « HERMETIC SEALING 
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neering are Available in the Instrument and Control In- 
dustry? What is the Opportunity for the Future? (From 
new 6-page folder “Your Career with the Instrument and 
Control Industry,” Recorder-Controller Section, SAMA, 
522 Fifth Ave., New York 36, N. Y.) 
rcle 512 on 
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Platinum vs. plat- 
inum-rhodium ther- 
moelements are re- 


Thermoelements 
liable to a degree 


which permits their 


use as standards . . . are accurate and stable in calibra- 
tion even when subjected to temperatures up to 2900 F 
either cyclically or for prolonged periods. 

Two kinds are available: platinum vs. 90% platinum and 
10% rhodium, and platinum vs. 87% platinum and 13% 
rhodium. The range over which both types may be used is 
the same, but they differ somewhat in millivolt output and 
inherent stability ... the 10% alloy is more refractory 
and thus retains its calibration for a longer period, while 
the 13% alloy has the higher millivoltage output. For 
high accuracy the use of such an element in the lower 
temperature ranges should not be overlooked. 

Of the base metal group, the chromel vs. alumel thermo- 
element has come to have the widest application because 
of its stability and high output, chemical use and wide 
range (up to 2400 F). (From new 6-page brochure “Ther- 
moelements Noble and Base Metals,” Charles Engelhard, 
Inc., 850 Passaic Ave., E. Newark, N. J.) 
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“IN-STOCK” SERVICE ON FAMOUS 


SPHINX BRAND MICRO-DRILLS 






High speed drills 
for small holes. © 
Sizes from 
.08 mm (.003”) to 
1.0 mm (.040”) 
carried in stock, 
in increments of 
01 mm (.0004”). 


Sphinx brand micro-drills used 
throughout the world for many 
years for all fine watch and in- 
strument work. 





These precision drills are available 
in two styles, flat pivot drills or - « 
spiral fluted drills. They are made : 


Send for Bulletin N 


listing sizes and prices : 
ace mene ged pire Freese e.g 
of stock drill si ause ir rigi y are 
ere te especially useful in ail types of driil- 4 
micro-drilling equipment. ing equipment. ee er ea 





Louis Levin & Son, Inc. 
3610 South Broadway - Los Angeles 7, California 


LAL 
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Magnet Wire 


Copper long has been and still is the conducting metal 
of the electrical industry which uses approximately 55 





MULTIPLY BY | TO OBTAIN 











Kilogm-Meters 7.233 | Foot-Pounds 
9.8117 oules 
0.0027235 | Watt-Houns 
0.0092944 BTU's 
Kg-M per Sec 9.807 | Watts 
Kilometers 0.62137 |Miles 
1,093.611 | Yards 
3,280.833 |Feet 
39,370.0 Inches 
Kilov'Its per Cm 2.54 | Volts per Mil 
Liters 61.0250 | Cubic Inches 
0.0353137 | Cubic Feet 
0.2642 | Gallons 
Log,« 2.3026 Log rox 
Logs, 0.4343 |Log, x 
Meters 1.093611 | Yards 
3.2808333 | Feet 
39.369999 |Inches 
100.0 Centimeters 
Miles 1,760.0 Yards 
5,280.0 Feet 
1.6093 Kilometers 
Millimeters 0.0032808 | Feet 
0.03937 |Inches 
0.001 | Meters 


percent of all the copper smelted in the United States. In 
recent years, the second choice of the electrical industry is 
aluminum. Anaconda now produces aluminum wire and 
cable and certain large sizes of aluminum magnet wire. 
(From new 120-page booklet “Anaconda Magnet Wire,” 
including tables for units, fractions, temp. conversions, ete. 
Anaconda Wire & Cable Co., 25 Broadway, New York 4, 
NaS) 
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Your kind of... 


Solenoid Valves 


There JS something better in solenoid valves— 
the new Marsh Electrimatic. Bodies machined 
from solid brass stock mean extra strength, 
greater dependability. Coils are moisture and 
frost proof. Valves are tight seating, smooth, 
positive, quiet. Types for 
wide range of applica- 
tion: direct acting 
—or pilot 
operated 
for large 
capacity. 









. . » Outline your 
conditions and we 


will tell you how we 
can help you with 
your Solenoid prob- 
lems. 


MARSH INSTRUMENT CO. 
Sales affiliate of Jas. P. Marsh Corp. 
DEPT. 42, SKOKIE, ILL. 

Export Dept., Skokie, Illinois 





For more information circle 1914 on inquiry card. 





METER-RELAYS 


For Sensitive and Accurate Control 


RANGES: 


0/20 Ua. to 0/50 A. 
0/5 Mv. to 0/500 V. 
The trip point is adjustable 
to any point on the scale 
arc. These meter-relays are 
sensitive to changes of as 
little as 1%. One contact is 
carried on moving pointer. 
The other is on a semi-fixed 
pointer. When two point- 
ers meet contacts close and lock. Holding coil‘is wound 
directly over moving coil. Reset can be manual or auto- 
matic. Spring action in contacts kicks them apart forcefully. 
Three sizes of clear plastic case models, 242, 3% and 412 
inches (all rectangular). Two ruggedized and sealed models, 

2%2 and 312 inches (round metal cases). 

Contact arrangements: High Limit Single, Low Limit Single 
or Double (both high and low). Contact rating is 5 to 25 
milliamperes D.C. 





0/200 Dc 
rice $33.00 


Model 261-C —y ° 
Microamperes 


Suggested circuits for meter-relays and complete specifica- 
tions including prices are covered in new 16-page Bulletin 
G-6, which you can get by writing Assembly Products, Inc., 


Chesterland 10, Ohio. 
"See us at I.R.E. Conf. Westward Ho, Phoenix, 4/28, 29" 
For more information circle 115 on inquiry card. 


get this 


INFORMATIVE 
BULLETIN 


Learn how easy it is for anyone 
to determine dew points quickly 
and accurately with the 


ALNOR DEWPOINTER! 


Hbnor 


DEWPOINTER 


simpie, f 








Only the Alnor Dewpointer has a sealed testing chamber, where 
atmospheres can be analyzed under controlled conditions .. . 
where the fog is observed suspended in air for fast, positive 
readings. Completely self-contained and readily portable for 
laboratory accuracy anywhere in the plant or field. And simple, 
direct operation enables even nontechnical personnel to easily 
obtain precise results, time after time. 


Tear out this ad and send it along with your business letter- 
head to lilinois Testing Lab- 
oratories, Room 518, 420 N. 
LaSalle St., Chicago 10, Ill. 








- PRECISION INSTRUMENTS | 
FOR EVERY INDUSTRY 


For more information circle 116 on inquiry card. 
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PRESSURES TO 
Measures 30,000 


8" wide x 
955" deep Pst 


Boost 100 PSI. air pressure to 10,000 PSI. fluid pressure 
for $173.25 (FOB Gardena, Calif.). Eight standard 
models for output fluid pressures of 1,000 to 30,000 
PSI. Special models for lower or higher pressures. 


Applicable wherever low volume output at high pres- 
sures is the requirement. For oil or water service. Com- 
plete power packages also available. Send for bulletins. 


SPRAGUE 
ngineering Corporation Naar 
1144 WEST 135TH STREET, GARDENA, CALIFORNIA 


rcle 117 on inquiry card. 





Camet 
INTERVAL TIMERS 


Vhe R. W. CRAMER Co., Ine. 


BOX 5, CENTERBKOOK, CONNECTICUT 
10CRS55 


For more information circle 198 on inquiry card. 
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BRIEFS—conrtinuep 





Data Processin g 


Spectacular proof of the benefits of automatic data pro- 
cessing was evidenced by a new digital system designed 
and built for Convair Aircraft of Ft. Worth, Texas, by 
Consolidated’s Systems Division. 

In just two weeks, during a single test series on a pres- 
sure-survey wind-tunnel model, the saving of a substantial 
portion of the cost of the $150,000 revolutionary, electronic 


q TRANSDUCERS 


= 


INPUT SWiTcH |__| 
oe Oy Se 


4 COR MER SE ate 


1-121 AMPLIFIER 


33-102 SADIC 


RELAY 
STORAGE 


TYPEWRITER 


























AUTOMATIC 
BRIDGE BALANCE 




















CONTROL 


FLEXOWRITER 





wien 





pressure-measuring system was realized. In addition, tab- 
ulated wind-tunnel-test data reached the hands of design 
engineers in Ft. Worth within 48 hours after the tests 
were run. This is a striking contrast to the 45 days former- 
ly required by the laborious process of reading and tabu- 
lating manometer-tube photographs. 

Convair’s aeronautical engineers estimated that the 
labor involved in reducing the 6,000,000 manometer-tube 
data points to usable form would have amounted to $108,- 
000. Cost alone was not the only consideration. 

CEC’s Data-Processing System is designed to auto- 
matically measure, digitize, and record the output of 202 
pressure pickups and 2 strain-gage supply-voltage indi- 
cators. The over-all accuracy of the system is + 0.75 per- 
cent of full-scale pressure (7%psia.) The route of pres- 
sure information from the time it is picked up on the air- 
craft model, through the series of data-processing opera- 
tions, until a written record appears, is shown here. (F’rom 
new Vol. 9 No. 1 issue of CEC Recordings, Consolidated 
Engineering Corp., 300 N. Sierra Madre Villa, Pasadena 
15, Calif.) 

For more literature circle 515 on ing 


Slip Rings 


P M Industries has spe- 

Rie ; , cialized in designing and 

= IR producing electromechani- 

, cal instrument components 

j particularly slip 

ring assemblies (from 8-foot 500-ring assemblies down to 
miniatures for synchros, gyros, and resolvers). 

Typical applications include Gyro (9 circuits), Strain 
Gage (80 circuit), Radar (103 circuits), Gun Fire Control 
(531 circuits). 

Typical specifications: high voltage—25,000 Volts DC 
Corona Free; low voltage—strain gage and thermocouple 
applications; power—up to 600 amperes; RF crosstalk— 
50 db at 60 Mc. (From new 4-page brochure, P-M Indus- 
tries, Inc., Stamford, Conn.) 


For more literature cir 


le 516 on inquiry card. 









] 


Books... News in X-Y Recording 


Basic Circuitry of the Midac and Mid- 
sac, by J. E. DeTurk, et al, Uni- 
versity of Michigan Press, Ann Ar- 
bor, Mich., 1954, $2.00; 116 pages, 
nonmathematical, cover basic de- 
sign features and circuits of digi- 
tal computers. 


























Regelungstechnik, assembled by the 
Automatic Control Committee of 
the Verein Deutscher Ingenieur and 
the Verband Deutscher Electro- 
techniker. Published by Deutscher 
Ingenieur-Verlag, GMBH, Duessel- 
dorf 10, Germany, 1954. Paper, 282 
pages, Price: 24 DM. Comprises 28 
papers classified under: Fundamen- 
tals, Control Techniques, Applica- 
tions of Controls in Process Indus- 
tries, Rolling Mills, ete. 




















Cook Technical Review, Vol. 1, No. 1, 
Cook Research Labs, 2700 N. South- 
port Ave., Chicago 14, IIl.; paper, 
113 pages, $1.00. Comprises 7 pa- 
pers on servomechanism design, 
nonlinear techniques, saturating 
servomechanisms, etc. 

















Sonics, by T. F. Hueter and R. H. 
Bolt, J. Wiley & Sons, 440 Fourth 
Ave., N. Y. 16, N. Y., 1955, 456 
pages, cloth, $10.00. Eight chapters 
plus appendix cover principles and 
applications of sound and ultrason- 

ics, including transducers, process- 

ing, analysis, etc. 

















Transistor Audio Amplifiers, by R. F. 
Shea, J. Wiley & Sons, 1955, cloth, 
219 pages, $6.50. Eight chapters 
cover transistor fundamentals and 
parameters, preamplifiers, power 
amplifiers, ete. 


















Recurrent Electrical Transients, by | 

L. W. Von Tersch and A. W. Swago, 
Prentice-Hall, Inc., 70 Fifth Ave., | 
N. Y. 11, N. Y., 1954, 400 pages, | 
$10.35. Nine chapters comprise basic | 
text on basic R-C-L circuits,-clamps, 
clippers, deflection circuits, trig- 


































Pear iE like to point out an error in | For use with Precision Analog Computing Equipment, Digital Systems, 


Table 1 on page 451 of the March, Instrumentation, etc. 
1955 issue of Instruments and Auto- 






Variplotter Model 1100 — Provides rapid (pen slews at approximately 20” per second) graphic 







mation. The freezing point of air-sat- recording of any data that can be reduced to electrical form. Same reliable accuracy as the well- 
urated distilled water is 0.000 deg. C, known 205 series Variptotter. Ideal where compactness is essential without loss of speed or 
: es “ps * 499 * performance. Designed for use in recording computer outputs (as with EAI 16-31R pictured above), 
since this is a fixed point” defined generating functions, or with additional equipment — for plotting digital information from punch 
by the International Temperature cards or tape. For complete brochure write Department 1A7. Electronic Associates, Inc., Long Branch, 






New Jersey. 


Seale of 1948. The freezing point of 
air-free distilled water would then be 
+0.0023, deg. C. (and not —0.0023 as 































indicated in the table). ELECTRONIC . : f 
ee ONAL. Pett ora eat | Al SETS THE Pp A C E 
_ i lie PRECISION ANALOG COMPUTING EQUIPMENT 
Lester F. Coleman ROI A j 
Chemical Engineering Division SA LONG BRANCH, NEW JERSEY 





For more information circle 119 on inquiry card. 
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New Literature... 





INSTRUMENTS 


and 


AUTOMATION 





For literature use the postage-free order card on page 667. 


AUTOMATION 


Pneumatic Controllers. New 44-page 
Bulletin 1120 is basic handbook cov- 
ering principles, operation, and ap- 
plications of maker’s pneumatic con- 
trollers and transmission systems— 
cascade, ratio and other interconnected 
control systems.—Industrial Div., Min- 
neapolis-Honeywell Regulator Co., 
Philadelphia 44, Pa. 

Circle 517 on inquiry card. 


Pneumatic Ratio Relay. New 4-page 
Bulletin 8410 describes maker’s auto- 
matic ratio relay used in ratio con- 
trol, cascade control, pneumatic com- 
puting systems, etc.—Industrial Div., 
Minneapolis-Honeywell Regulator Co., 
Philadelphia 44, Pa. 

Circle 518 on inquiry card. 


Reactor Control. New 8-page Book- 
let ND46-70-700(1) pictures and de- 
scribes maker’s control systems for 
nuclear reactors.—Leeds & Northrup 
Co., 4907 Stenton Ave., Philadelphia 
44, Pa. 

Circle 519 on inquiry card. 

Load, Frequency Control System. 
New 12-page Bulletin 9060 presents 
electric-system load and frequency 
control system using maker’s servo 
controllers.—Industrial Div., Minne- 
apolis-Honeywell Regulator Co., Phil- 
adelphia 44, Pa. 


Circle 520 on inquiry card. 


Combustion Control. New 14-page 
Bulletin MSA 116 presents descrip- 
tions and pictorial diagrams on vari- 
ous application of control equipment 
as boilers increase in size. Includes 
thorough discussion of combustion- 
control principles and applications.— 
Hagan Corp., 323 Fourth Ave., Pgh., 
Pa. 

Circle 521 on inquiry card. 

Automatic Control Services. New 8- 
page bulletin describes consultation, 
design, and construction services of- 
fered by control engineering special- 
ists in fluid mechanics, servo mechan- 
isms, computers, electronics and basic 
measurements of properties of matter. 
—CDC Control Services, Inc., 400 S. 
Warminster Rd., Hatboro, Pa. 

Circle 522 on inquiry card. 


Lathe Stop. New 4-page descriptive 
bulletin illustrates maker’s “Sure- 
Stop” turret indicator stop for main- 
taining close length tolerances in 
duplication of machined parts.—D-S-C 
Machine Co., 29 Bertel Ave., Mount 
Vernon, N. Y. 

Circle 523 on inquiry card. 


MOTORS, SERVOS 


Synchronous Motors. New 24-page 
Brochure EI-4A presents physical 
specifications and electrical character- 
istics of maker’s synchronous, hyster- 
esis and salient pole induction motors. 
—Electric Indicator Co., Inc., Spring- 
dale, Conn. 

Circle 524 on inquiry card. 
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Synchronous Motors. New 34-page 
Catalog 41 describes and illustrates 
maker’s autosyns and magnesyns, a-c 
series motors, d-c selsyns, servo mo- 
tors, motor generators, timing motors, 
cycle motors and blowers, linear actu- 
ators, shunt motors, power generators, 
ete.—Servo-Tek Products Co., Ince., 
Hawthorne, N. J. 


Circle 525 on inquiry card. 


Servo Motors, Servo Components. 
New 36-page Catalog 954 describes 
and illustrates maker’s miniature PM 
motors and accessories, miniature 
wound motors and field accessories, 
fans and blowers, a-c motors, potenti- 
ometers, thermocouples, pressure and 
temperature switches, etc.—Burton 
Mfg. Co., 11201 W. Pico Blvd., Los 
Angeles 64, Calif. 


Circle 526 on inquiry card. 


Servo Motors. Two new 2-page Bul- 
letins 2464 and 2395-5 describe mak- 
er’s servo motors, motor generators, 
miniature a-c servo motors and ta- 
chometer generators. —G-M Labora- 
tories, Inc., 4300 Knox Ave., Chicago 
41, Ill. 

Circle 527 on inquiry card. 


Motors. New 4-page Leaflet F-4271- 

5 describes and illustrates maker’s 

small motors for domestic appliances, 

communication equipment, industrial 

instruments, servomechanisms.— Bar - 
ber-Colman Co., Rockford, III. 
Circle 528 on inquiry card. 


Electric Motors. New 4-page issue 
of “Bodine Motorgram” (Vol. 35, No. 
1) features article on “Ball Bearing 
Lubrication.”—Bodine Electric Co., 
2250 W. Ohio St., Chicago 12, Ill. ~ 

Circle 529 on inquiry card. 


VALVES, CYLINDERS 


Valve Assemblies. New 6-page Bul- 
letin 8506 describes maker’s electric 
motorized valve assemblies which are 
combinations of globe or butterfly 
valve bodies, linkages where needed, 
and electric power units.—Industrial 
Div., Minneapolis Honeywell Regula- 
tor Co., Philadelphia 44, Pa. 

Circle 530 on inquiry card. 





Valves. New 12-page comic-book- 
type sequence explains maker’s 
“Shear-Seal” principle for controlling 
fluids-under-pressure or vacuum.— 
Barksdale Valves, 5125 Alcoa Ave., 
Los Angeles 58, Calif. 

Circle 531 on inquiry card. 


Pipeline Valves. New 4-page issue 
of “Haynes Alloys Digest” (Vol. 6, 
No. 3) features article on “Hard- 
Faced Pipeline Valves Still Good Af- 
ter 17 Years.”—Haynes Stellite Co., 
30-20 Thomson Ave., Long Island City 
Ee. a & 

Circ le 532 on inqu ry car i. 


Hydraulic Cylinders. New 8-page 
Bulletin H-104K describes and illus- 
trates maker’s 2000 psi high-pressure 
hydraulic cylinders in 1% in. through 
12 in. bores.—Miller Fluid Power Co., 
2040 N. Hawthorne Ave., Melrose 
Park, IIl. 

Circle 533 on inquiry card. 


Air Cylinders. New 8-page Bulletin 
A-105K presents engineering, mount- 
ing and dimensional data on maker’s 
200 psi air cylinders with rustproof 
brass barrels, hard chrome-plated 
piston rods, ete.—Miller Fluid Power 
Co., 2040 N. Hawthorne Ave., Melrose 
Park, IIl. 

Circle 534 on inquiry card. 


Hydraulic Equipment. New 20-page 
booklet “J.I.C. Hydraulic Standards” 
presents all revisions made at Jan. 
1954 meetings of the Joint Industry 
Conference. Includes recommended 
practices on hydraulic packings and 
seals, examples of packing code iden- 
tification, etc.—Miller Fluid Power 
Co., 2040 N. Hawthorne Ave., Melrose 
Park, Ill. 

Circle 535 on inquiry card. 


Valves. New 8-page Catalog 1154 
presents description, illustrations, and 
applications on maker’s pinch-type, 
hand operated, air operated and air- 
veying valves —RKL Valves & Mfg. 
Co., 1623 Elaine St., Phila. 19, Pa. 

Circle 536 on in 


Juiry card, 


INSTRUMENT & CONTROL 


CONSULTANTS 


Engineering Services, Test- 
ing Laboratories and other 
Professional Services 








C.O.M.S.1.P. 


Specialized in control Engineering 
Instrument layout—Procurement—Application— 
conventional and graphic panel design and 
construction 

INSTALLATION—REVAMPING 
STARTING UP—MAINTENANCE 








40 Ave. Verdun @ Croissy @ S&O France 


GAUGE & INSTRUMENT 
CONTROLLED AUTOMATION 


Your present machines can be equipped with 
full automation, including automatic loading 
and gauge feedback control of size. 
SPECIALISTS IN CENTERLESS GRINDER 
AUTOMATION. 


essup > 3980 Superior Ave. 
* 2.2 “JEDCO” Cineinnati 36, Ohlo 
































SRR ORs 
tl 


TEMPERATURE 


Thermometers. New 4-page Specifi- 
cation Sheet 602 describes and illus- 
trates maker’s internal cam program- 
mer thermometers for maintaining 
definite relationship between tempera- 
ture and time.—lIndustrial Div., Min- 
neapolis-Honeywell Regulator Co., 
Philadelphia 44, Pa. 

Circle 537 on inquiry card. 


Temperature Control. New 4-page 
Data Sheet 643 (3) describes maker’s 
roof-temperature measurement using 
target-brick method. 4-page Data 
Sheet 643 (4) describes maker’s roof- 
temperature measurement using di- 
rect-sighting method.—Leeds & North- 
rup Co., 4907 Stenton Ave., Phila. 44, 


Pa. 
Circle 538 on inquiry card. 


Temperature Control. New 2-page 
Bulletin 334 describes maker’s “Model 
LD-1S” indicating temperature con- 
trol for industrial ovens, liquid baths, 
dryers, etc.—Burling Instrument Co., 
16 River Rd., Chatham, N. J. 


Circle 539 on inquiry card. 


Paper Thermometers. New 6-page 
folder describes maker’s paper ther- 
mometer for determining temperatures 
in brake testing, molds, plastic heat- 
sealing machines, irons, etec.—Paper 
Thermometer Co., 10 Stagg Drive, 
Natick, Mass. 


Circle 540 on inquiry card. 


Pipeline Heater. New 4-page issue 
of “Engineering News” (Vol. 7, No. 
1) features article on “Efficient Water 
Heating Assured by SK Continuous 
Pipeline Heater.”—Schutte and Koert- 
ing Co., 18 States Rd., Cornwells 
Heights, Bucks County, Pa. 


Circle 541 on inquiry card. 


Temperature Control. New 6-page 
Bulletin 42 describes maker’s “Type 
E32N” indicating temperature control 
for controlling and indicating temper- 
atures of gases, liquids or hot plates. 
—United Electric Controls Co., 85 
School St., Watertown, Mass. 

Circle 542 on inquiry card. 


Lab Thermometers. New 12-page 
Catalog 55-A presents specifications 
and prices of over 850 thermometers. 
Includes A.S.T.M., ground joint, low 
temperature, midget, deep immersion, 
bath, distillation thermometers, etc.— 
Brooklyn Thermometer Co., 217-09 
Merrick Blvd., Springfield Gardens, 
N.. % 


Circle 543 on inquiry card. 


PRESSURE 


Pressure Controller. New 4-page 
Bulletin 7404 describes maker’s in- 
dicating furnace-pressure controller 
for measuring and controlling furnace 
operation. — Minneapolis-Honeywell 
Regulator Co., Wayne and Windrim 
Aves., Philadelphia 44, Pa. 
Circle 544 on inquiry card. 


Pressure Control. New Bulletin I- 
N-1 describes proper applications and 
functions for maker’s “Model PC” 
pressure pilot control and “Model 
ESC” temperature pilot control for 
applications from -40 to 700 F.— 
Seely Instrument Co., Inc., Niagara 
Palis, N.Y. 


Circle 545 on inquiry card. 











transmission of 


pressure 


information 































MODEL 47155 


INDUSTRIAL 
PRESSURE 
TRANSMITTER 


PRESSURE RANGES 


Absolute (psi) | See ore ~~. 





G.M. GIANNINI & CO., INC. 


918 EAST GREEN ST., PASADENA 1, CALIF. 


0-4, 0-10, 0-15, 0-20 


Gage & 
‘ 0-30, 0-50, 0-75, 0-100 
— —5to +5, —10 to +10, 
p —15 to +-15 


An improved, low cost, high accuracy ver- 
sion of GIANNINI Pressure Transmitters 
that have been used for many years in air- 
craft and missile applications. The Model 
47155 has been designed for industrial use 
and features high outputs (up to 40 volts) 
that can be used to operate indicating and 
recording devices without amplification. 
Precious noble metal alloys are used in the 
potentiometer winding and wiper for low 
friction, high resistance to corrosion and long 
operating and shelf life. 


Write for data sheet 47155. 


PRODUCT OF ELECTROMECHANICAL DIVISION 
East Orange, New Jersey 
























se eenes 

















































































EUROPEAN REPRESENTATIVE: GIANNINI ITALIANA S. p. A., Via Alberto Da Glussano 15, Milano, Italy 


For more information circle 120 on inquiry card. 
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Pariscopes 


For 


“HOT SPOT” 


Remote Observation 


A custom designed industrial periscope 
is very often the answer to “Hot Spot” 
remote control handling, instrumenta- 
tion and observation. We have designed 
and manufactured many such peri- 
scopes. 


If you have a problem calling for a 
periscope or for any precision optical 
system, check with us. For nearly half a 
century Kollmorgen has designed, de- 
veloped and manufactured precision 
optical products including Industrial and 
Naval Periscopes, Fire Control Devices, 
Projection Lenses and Navigational In- 
struments for Industry and for the Armed 
Services. 


Send for Bulletin 301 






CORPORATION 


Plant: 347 King Street, Northampton, Mass. 
New York Office: 
30 Church Street, New York 7, New York 
For more information circle 121 on inquiry card. 
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MANUFACTURERS’ NEW LITERATURE 





Pressure Gage. New 4-page Bulletin 
1787 describes and illustrates “Glaser” 
pressure gage for production, labora- 
tory, test, missile and rocket applica- 
tions—Designers For Industry, 4746 
W. Washington Blvd., Los Angeles 
16, Calif. 

Circle 546 on inquiry card. 


Pressure Gages. New 2 page Speci- 
fication Sheet 10 presents description 
on maker’s “Models AB-110, AB-130, 
AB-110S and AB-130S” air-blast-pres- 
sure gages for measuring transient 
pressures of shock waves in air, gases 
and liquids——Chesapeake Instrument 
Corp., Shadyside, Md. 

Circle 547 on inquiry card. 


Diffusion Pumps. New 8-page bul- 
letin presents operating characteris- 
tics and specifications of maker’s 
booster, vacuum, diffusion, mercury 
vapor and mechanical pumps.—Nar- 
esco Equipment Corp., 160 Charlemont 
St., Newton Highlands 61, Mass. 

Circle 548 on inquiry card. 


PUMPS 


Controlled Volume Pump. New 4- 
page Bulletin 500 describes maker’s 
“Microflo Pulsafeeder” pump for con- 
trolling volume pumping of liquids at 
micro flow rates of 2400 ml. per hour. 
—Lapp Insulator Co., Inc., 10 Gilbert 
St., LeRoy, N. :Y. 


Circle 549 on inquiry card. 


Centrifugal Pumps. New 12-page 
Bulletin 110 pictures and describes 
maker’s industrial centrifugal pumps 
for high-pressure applications.—East- 
ern Industries, Inc., New Haven, Conn. 

Circle 550 on inquiry card. 


FLOW, LEVEL 


Liquid-Level Control. New 20-page 
Bulletin 1161 describes maker’s sys- 
tems for measuring and controlling 
liquid level.—Industrial Div., Minne- 
apolis-Honeywell Regulator Co., Phil- 
adelphia 44, Pa. 


Circle 551 on inquiry card. 


Flow Indicators. New Data Sheet 
253 describes and illustrates maker’s 
line of transparent and reflex sight 
flow indicators used on pipe lines % 
in. to 2 in. N.P.T.—Jerguson Gage & 
Valve Co., 80 Fellsway, Somerville 
45, Mass. 


Circle 552 on inquiry card. 


Gas/Air Mixer. New 4-page Leaflet 
L-700 presents specifications of mak- 
er’s “Vari-set” proportional mixer 
with adjustable jet for proportioned 
gas and air.—Eclipse Fuel Engineer- 
ing Co., Rockford, Il. 


Circle 553 on inquiry card. 


Float-actuated Flowmeters. New 2- 
page Data Sheet 10.3-4a describes 
maker’s fioat-actuated flow and liquid- 
level meter for measuring, indicating, 
recording, totalizing and controlling 
flow in open channels.—Industrial Div., 
Minneapolis-Honeywell Regulator Co., 
Philadelphia 44, Pa. 


Circle 554 on inquiry card. 





Liquid-Level Control. New 4-page 
bulletin describes maker’s ‘“Level- 
Master” used for water, gasoline, oil, 
alcohol and acid level control.—Jo-Bell 
Products Co., Inc., 4842 S. St. Louis 
Ave., Chicago 32, III. 


Circle 555 on inquiry card. 


Gas Stabilization. New 12-page 
booklet features articles on “Natural 
Gas Stabilization” and “Stabilization 
at the City Gate.”—Cutler-Hammer, 
Inc., 503 North 12th St., Milwaukee 1, 
Wis. 


Circle 556 on inquiry card. 


TIME, COUNT 


Time Recorder. New 4-page leaflet 
describes and illustrates maker’s time 
recorder and totalizer which computes, 
registers, monitors, and records proc- 
ess or machine operations.—Heat- 
Timer Corp., 657 Broadway, New York 
12. N.Y. 

Circle 557 on inquiry card. 


Counters, Scalers. New 10-page price 
list covers maker’s scintillation count- 
ers, counter accessories, crystals, scal- 
ers, scaler accessories, ratemeters, in- 
dustrial equipment, ete.—R-C Scien- 
tific Instrument Co., Inc., 307 Culver 
Blvd., Playa del Rey, Calif. 


Circle 558 on inquiry card. 


Interval Timers. New 8-page Bul- 
letin PB-210 describes and illustrates 
maker’s interval timers for controlling 
opening and closing operations within 
definite time range——R. W. Cramer 
Co., Centerbrook, Conn. 

Circle 559 on inquiry card. 


Cycling Timers. New 8-page Bulle- 
tin PB 510 describes maker’s line of 
cycling timers for repeating definite 
time cycle or sequence continuously 
as long as timers are energized.— 
R. W. Cramer Co., Inc., Centerbrook, 
Conn. 

Circle 560 on inquiry card. 


Automatic Counters. New 4-page 
bulletin describes maker’s electrically- 
and mechanically-actuated counters 
for recording and automatic regula- 
tion of industrial machinery.—Rich- 
ardson Scale Co., Van Houten Ave., 
Clifton, N. J. 


Circle 561 on inquiry card. 





COMPUTING 


Data Processing. New 16-page Book- 
let EL 205A presents maker’s tech- 
niques, methods and applications of 
electronic data processing with UNI- 


VAC.—Remington Rand, Inc., 315 
Fourth Ave., New York 10, N. Y. 
Circle 562 on inquiry card. 
Punched Card Machines. New 6- 


page illustrated Folder TM 930 shows 
maker’s line of punched card ma- 
chines and their use in preparation of 
management records and in securing 
vital financial and operating reports. 
Twenty five machines described.— 
Remington Rand, Inc., 315 Fourth 
Ave., New York 10, N. Y. 
Circle 563 on inquiry card. 


— 








ee ee 


“Sega 


Converter, Digitizer. New 6-page 
leaflet describes maker’s analog-to- 
digital converter for automatic high- 
speed conversion of instrument data. 
—dJ. B. Rea Co., Inc., 1723 Cloverfield 
Blvd., Santa Monica, Calif. 

Circle 564 on inquiry card. 


Data Reduction. New 4-page bulle- 
tin describes maker’s “Datrac” data 
reduction system for automatic con- 
trol, lab studies, recording and play- 
back of analog signals, ete— EPSCO, 
Inc., 588 Commonweath Ave., Boston, 
Mass. 

Circle 565 on inquiry card. 


Data Processing. New 32-page issue 
of “Cook Technical Review” (Vol. 1, 
No. 2) features articles on “Non- 
redundant Processing of Continuous 
Data.”—Cook Electric Co., 2700 South- 
port Ave., Chicago 14, Ill. 

Circle 566 on inquiry card. 


Impact Vector Nomograph. New 4- 
page leaflet describes maker’s “Im- 
pact-O-Graph” vector nomograph 
“Models R, SS, H, HS, HX, HSX” for 
measuring degree of shock causing 
damage to a packaged product in trans- 
it—Impact-O-Graph Corp., 1900 Eu- 
clid Ave., Cleveland 15, Ohio. 

Circle 567 on inquiry card. 


Slide Rules. New 30-page Catalog 
164-A pictures and describes maker’s 
log slide rules including vector hyper- 
bolic synchro scale, trigonometric, 
Pickett-Trig conversion, Simplex- 
Trig, merchants’ and business slide 
rules, ete.—Pickett & Eckel, Inc., 5 
S. Wabash Ave., Chicago 3, IIl. 


Circle 568 on inquiry card. 


RADIOACTIVITY 


Radiation Monitor. New 4-page Bul- 
letin 10 pictures and describes maker’s 
portable radiation monitor used in hos- 
pitals, decontamination investigations, 
hot lab health monitoring, ete.— 
Jordan Electronic Mfg. Co., Inc., 119 
E. Union St., Pasadena 1, Calif. 

Circie 569 on inquiry card. 


Mobile Scintillator. New 2-page bul- 
letin describes maker’s “Model SAX 
12-A” mobile scintillator counting as- 
sembly for radioisotope clinic and 
laboratory. 2-page Bulletin 12A pre- 
sents specifications on maker’s “Model 
RAX 12-A Scintiscanner” for produc- 
ing scintigrams of gammaemitting 
sources in vivo.—R-C Scientific In- 
strument Co., Inc., 307 Culver Blvd., 
Playa Del Rey, Calif. 

Circle 570 on inquiry card. 


Radiation Measurement. New illus- 
trated bulletin describes maker’s 
“Probitron” Model FAX161X for 
measuring roentgen and gamma radia- 
tion.—R-C Scientific Instrument Co., 
oe Culver Blvd., Playa Del Rey, 
Calif. 


Circle 571 on inquiry card. 


RECORDING 


Recorder. New 2-page bulletin de- 
scribes maker’s “Autograf” X-Y re- 
corder used as a digital point plotter 
or curve follower. 2-page Bulletin 7B 
describes and_ illustrates maker’s 
“Model 20” d-c voltmeter for check- 











3. Comes in 4 models 





An earnest 
electronics engineer 
kept worrying 


‘bout gains non-linear. 





Unmeasurable 
phase angles 
kept him in tangles 
And threatened to 
wreck his career... 








Tsk, tsk—too bad he didn’t know about 


SERVOscope* 


No need to beat around the breadboard . . . SERVOscope 
speedily and accurately measures gain and phase shifts of 
L-F amplifiers, servo mechanisms, recorders and other circuits 
in the subsonic frequency ranges. It takes just a few flicks 
of the dial to get the values for plotting magnitude and 
phase curves. 


Only SERVOscope gives 
you these 4 features 
in one piece of 
equipment: 

1. Applicable to both 


AC carrier and DC 
servo systems. 


2. Built-in electronic 
sweep, phaseable 
with respect to 
generated signals. 


Whether you’re developing designs, or production testing— 


offering frequency SERVOscope will save you man hours and prevent costly 


ranges from 
0.0001 to 60 cps. 


errors. 
4. Generates 3 types 
of signals: 


Sine wave / “i 
modulated carrier. ie 


u 





Low frequency 
sine waves. 


Low frequency 
square waves. 





SERVO CORPORATION of AMERICA 


SERVO CORPORATION OF AMERICA 
New Hyde Park, Long Island, N. Y. 


i PLEASE SEND ME... engineering specs and actual 
test set-ups on SERVOscope. 


® i NeM@ccccccccccccccccccccccccssccesecceeeecesescceessseeees 

4 POSITION. 0. cceserccccsccccrcccsecesecesessesrsssesesesesere® 

New Hyde Park j Company Nome@...seccessececcceescenssesecssesesesseeesees ” 

Long Island, N.Y. F] Cometh AbD aa sooo ccisiscvascventsdencevacssasiecscesose 
3 Cy ecccccccccccccccescvecccccce Zone....- State...++> 1A-4 
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MOTORS 


from FORD INSTRUMENT for 
EXTREMELY LOW INERTIA AND 
HIGH FREQUENCY RESPONSE 


@ STANDARD SERVO MOTORS 
in nominal ratings of 
10w, 5w, 2'/2w, 
1/w and /2w 
@ SPECIALS to 
customer requirements. 
Ford Instrument’s high precision 
servos are available in high and low 
voltage models, in 60cy and 400cy 
designs, for a multitude of ap- 
plications. With Ford’s smooth iron, 
low-inertia rotors, they offer these 
advantages: 
® Linear torque-voltage characteristics 
© Linear torque-speed characteristics 
© Withstand continuous stalling 


® High torque efficiency 


FREE—Fully illustrated 
data bulletin gives 
specifications and per- 
formance information. 
Address Dept. IA. 


FORD INSTRUMENT 
COMPANY 


Division of The Sperry Corporation 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


Ford Instrument’s standard components 


Differentials 


Telesyn 




















10 


Telesyn 
Resolvers 
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MANUFACTURERS’ NEW LITERATURE 





ing and adjusting computer compo- 
nents.—F. L. Moseley Co., 409 N. Fair 
Oaks Ave., Pasadena 3, Calif. 

Circle 572 on inquiry card. 


Well Logger. New 2-page Data 
Sheet 7.0-1A describes maker’s elec- 
trical well logger for recording elec- 
trical characteristics of formations 
traversed by bore holes.—Industrial 
Div., Minneapolis-Honeywell Regula- 
tor Co., Philadelphia 44, Pa. 

Circle 573 on inquiry card. 


Recorder. New 2-page Data Sheet 
10.17-4 describes maker’s system for 
measuring and recording multiple 
strain gage outputs in testing of 
materials, structures and components. 
—TIndustrial Div., Minneapolis-Honey- 
well Regulator Co., Philadelphia 44, 
Pa. 

Circle 574 on inquiry card. 


Lab Recorder. New 12-page Bulletin 
FS-251 describes maker’s laboratory 
recorder for recording changes in po- 
tential, current, resistance, tempera- 
ture, pH, pressure, vacuum, illumina- 
tion, etc.—Fisher Scientific Co., 711 
Forbes St., Pittsburgh 19, Pa. 

Circle 575 on inquiry card. 


TESTING, INSPECTION 


Corrosion Testing. New 2-page Data 
Sheet 11515 describes and illustrates 
maker’s ASTM copper-strip-corrosion 
test bomb used in tests of copper cor- 
rosion in petroleum products.—Preci- 
sion Scientific Co., 3737 W. Cortland 
St., Chicago 47, Il. 

Circle 576 on inquiry card. 


Testing Machine. New 2-page Data 
Sheet 10.17-5 describes maker’s “SR- 
4” testing machine for testing speci- 
mens or structural parts and compo- 
nents in tension, compression, torsion, 
etc.—Industrial Div., Minneapolis- 
Honeywell Regulator Co., Philadel- 
phia 44, Pa. 

Circle 577 on inquiry card. 


Humidity Chamber. Two new 2-page 
bulletins describe and illustrate mak- 
er’s humidity chambers for research 
and production testing; and low-tem- 
perature chamber for testing, storage, 
metal treating, expansion fitting, etc. 

Environmental Equipment Corp., 
369 Linden St., Brooklyn 27, N. Y. 

Circle 578 on inquiry card. 


Testing Instruments. New 4-page 
Bulletin 505 describes maker’s “Mod- 
els QC-100, QC-125 and QC-200” com- 
pression testers for testing cylinders, 
cubes, blocks, bricks, beams and lin- 
tels—Forney’s, Inc., 209 Elm St., New 
Castle, Pa. 

Circle 579 on inquiry card. 


Metal Detector. New 4-page Bulle- 
tin 15B7217B describes and illustrates 
maker’s a-c electronic metal detector 
for inspecting plastics, food, confec- 
tionery, explosives, glass, etc.—Allis- 
Chalmers Mfg. Co., 942 S. 70th St., 
Milwaukee, Wis. 

Circle 580 on inquiry card. 


Surface Roughness. New 8-page 
leaflet describes maker’s “Profilome- 





ter” race-groove pilotor for measur- 
ing roughness across raceways of in- 
strument ball-bearing races.—Micro- 
metrical Development Corp., Ann Ar- 
bor, Mich. 


Circle 581 on inquiry card. 


DISPLACEMENT 


Displacement Indicator. New 2-page 
bulletin describes maker’s “Model 300” 
displacement indicator for recording, 
controlling and indicating quantities 
measurable by differential transform- 
er transducers.—Daytronic Corp., 216 
S. Main St., Dayton, Ohio. 

Circle 582 on inquiry card. 


Gage. New 2-page bulletin describes 
and illustrates maker’s “Vandy Feel- 
er” gage which uses standard blades. 
—Vandy-Bilt Tool Co., 301 Walnut 
Drive., Nashville 5, Tenn. 


Circle 583 on inquiry card. 


Dynamic Micrometer. New Bulletin 
T-129-B describes maker’s “Dyna- 
Myke Model 129-E” high-speed dy- 
namic micrometer for linear variable 
differential transformers.— Industrial 
Electronics, Inc., 8060 Wheeler St., 
Detroit 10, Mich. 

Circle 584 on inquiry card. 


WEIGHT, TENSION 


Crane Scales. New 12-page Bulletin 
4304 describes crane scales for elec- 
trically weighing by “SR-4” load cells. 
—Baldwin-Lima-Hamilton Corp., Phil- 
adelphia 42, Pa. 

Circle 585 on inquiry card. 


Tension Gages. New 4-page Leaflet 
GTL2A_ describes maker’s_ tension 
gages for determining tension of any 
spring up to 2500 grams.—Imtra 
Corp., 58 Charles St., Cambridge 41, 
Mass. 

Circle 586 on inquiry card. 


OPTICS 


Light Control. New 4-page Booklet 
SE 8541 describes maker’s “Luxtrol” 
dial light control for any degree of 
illumination from complete darkness 
to full brightness.—Superior Electric 
Co., Bristol, Conn. 

Circle 587 on inquiry card. 


Vertical-leveling Mirror. New Bulle- 
tin 88108 pictures and describes mak- 
er’s vertical-leveling mirror that pro- 
vides reference level lines of sight 
from front and rear surfaces of dou- 
ble-surfaced mirror.—Farrand Optical 
Co., Ine., Bronx Blvd. & E. 238th St., 
New York 70, N. Y. 


Circle 588 on inquiry card. 


Film Processor. New specification 
sheets describe maker’s “Processall” 
portable unit for processing of con- 
ventional films and papers.—Oscar 
Fisher Co., Inc., 1000 N. Division St., 
Peekskill, N. Y. 

Circle 589 on inquiry card. 


TV Picture Monitoring. New bulle- 
tins describe maker’s “Private Eye” 
monitors with frequency response of 
8 Me, electrical centering and focus- 
ing, operating from composite and 














non-composite signals, etc.—Televi- 
sion Utilities Corp., New Hyde Park, 
Ea. Bop Be Oe 


Circle 590 on inquiry card. 


AIR, WATER 


Steam Contamination. New 6-page 
Folder 290112 describes dangers of 
steam contamination and how to pre- 
vent or correct them.—Hall Labora- 
tories, Inc., 323 Fourth Ave., Pitts- 
burgh 22, Pa. 


Circle 591 on inquiry card. 


Moisture. New 4-page leaflet de- 
scribes and illustrates maker’s “Super- 
test 712” moisture-measuring instru- 
ment and “Hygrotester-Boy” portable 
dielectric-moisture-measuring instru- 
ment for converters of pulp, paper, 
board, cellophane, etc.—Hygrotester, 
Ine., 61 Clark St., P. O. Box 923, 
Brooklyn 1, N. Y. 

Circle 592 on inquiry card. 


Water Softeners. New 20-page illus- 
trated Bulletin 2386-A discusses trou- 
bles caused by use of hard water and 
advantages of using soft water.— 
Permutit Co., 330 W. 42nd St., New 
York 36, N. Y. 

Circle 593 on inquiry card. 


Water Softener. New 4-page leaflet 
illustrates maker’s “Aqua Electric” 
control which prevents scale-forming 
elements in water from building up 
on walls and tubes of equipment.— 
Aqua Electric Scale Control, Inc., 2028 
E. 22nd St., Cleveland 15, Ohio. 

Circle 594 on inquiry card. 


LAB APPARATUS 


Tensiometer. New Bulletin 157 de- 
scribes and illustrates maker’s “Model 
T-30” surface tensiometer for meas- 
uring surface tension of liquids.— 
National Instrument Labs., Inc., 6108 
Rhode Island Ave., Riverdale, Md. 


Circle 595 on inquiry card. 


Constant-Temperature Bath. New 
4-page Bulletin FS-211 describes mak- 
er’s high-sensitivity constant-temper- 
ature bath for viscosity and density 
tests.—Fisher Scientific, 717 Forbes, 
Pittsburgh 19, Pa. 


Circle 596 on inquiry card. 


Lab Carts. New 12-page Booklet 
C2 pictures and describes maker’s lab- 
oratory carts. 2-page bulletin describes 
maker’s “Kjeldahl” micro digestor for 
digestions in 30 ml. flasks.—Labora- 
tory Construction Co., 1115 Holmes 
St., Kansas City, Mo. 

Circle 597 on inquiry card. 


Lab Equipment. New 12-page issue 
of “Lanco Apparatus Review” pre- 
sents maker’s line of balances, beads, 
beakers, bottle carriers, glass-blowing 
burners, lab carts, ete.—Arthur S. 
LaPine & Co., 6001 S. Knox Ave., 
Chicago 29, Il. 

Circle 598 on inquiry card. 


Lab Shaker. New bulletin pictures 
and describes maker’s variable-speed 
laboratory shaker that operates con- 
tinuously at any rate between 60 and 
260 oscillations-per-minute without 
fluctuation in operating speed.—Eber- 
bach Corp., Ann Arbor, Mich. 

Circle 599 on inquiry card. 




















weighing 
and 
testing 


problems 
by 


EMERY force-measuring systems 


Emery load cells offer the fundamental solution to any 
force-measuring or weighing problem. 

Operating on simple, basic physical principles, Emery sys- 
tems are maintenance-free. Some units have been in service 
over 25 years without even recalibration! 


RANGES: 0 - 10,000,000 pounds .. . ACCURACY: 1/10 
of 1% of range .. . RESPONSE: less than 14 second... 
TYPES: self-contained hydraulic, open-flow hydraulic, pneu- 
matic . . . CELL DEFLECTION: less than 0.005” .. . 
APPLICATIONS: Weighing, Jet Engine Thrust, Brake 
Testing, Torque Measurements, Strength of Materials, Pro- 
cess Control, Tank Weighing, Platform Scales, Etc. 


Since 1872, Emery Force-Measurement Systems have been 
lowest in initial cost, in operating cost, and require no 
maintenance. 

Write today for information on stock or specially designed 
systems to solve your force-measuring problems. 























THE A. H. EMERY COMPANY, NEW CANAAN 3, CONN. 








“ 
& Please send me 
a [] Literature on hydraulic weighing 
Y [) Literature on pneumatic weighing 
. ‘ NAME een 





» POSITION _ 





Attach to, or write on, your company letterhead. 











SR teen ee 
de mes samme ae TS p= 
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Sub-Miniature 
| MONE LIGHTS 


A great aid 
to miniaturization Aa 
Require a single 15/32” hole you re 


All lens colors Fg FFP -74)) 


All units applicable to 
Mil Specifications for 


omen | (= 9 
meat \\! 


A) No. TT-51; No. TT-51A with No. 327 
lamp. For edge lighting. Red or 
other color filters, black top. -U o.Uy Ue 
B) No. 8-3730-111; for Mil-7788 panels. LIGHT SHIELD SUB-MINIATURE 
C) No. 4-1930; light shield. ASSEMBLY INDICATOR LIGHTS 
D) No. 8-1830-111; non-dimming. (All illustrations are approx. actual size.) 
E) No. 11-1930-111; mechanical dimmer. e 


Me, SUSI, gules Caw. \] Foremost Manufacturer of Pilot Lights 
All assemblies accommodate midget 


(a ny nd Ree DIALIGHT 
(actual size ); easily replaced. Avaiiable 
for voltages of 1.3, 2.7, 6, 14, and 28. 4-4 SATION 

Any assembly available complete with lamp. CORPO 


SAMPLES ON REQUEST — NO CHARGE 60 STEWART AVE. ¢ BROOKLYN 37, N.Y. 
Write for Catalogue L-153 HYACINTH 7-7600 








For more information circle 125 on inquiry card. 








TEST CHAMBERS 


HIGH & LOW 
TEMPERATURES 
CONTROLLED 
HUMIDITY 
e +200° F. to -150° F. 

e 20% to 95% R.H. 


1 cu. ft. to 75 cu, ft. 
cabinets 


Walk-in Rooms 
Temperature Baths 


Electronic or pneumatic 
recording or indicating 
control system 


CUSTOM CHAMBERS 
built to specifications. 


Years of satisfactory service! 
OMeaieace! 49 Washington Avenue 


erent es Carlstadt, New Jersey 
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NEW LITERATURE 





Laboratory Apparatus. New 4-page 
bulletin pictures and describes mak- 
er’s freeze-drying apparatus, “Ex- 
tracto-Matic” automatic separatory 
funnel apparatus for repeated extrac- 
tions, pipette washer and homogen- 
izers.—VirTis Co., Inc., 160 Ashburton 
Ave., Yonkers, N. Y 

Circle 600 on inquiry card. 


ANALYTICAL 


Spectrometer. New 16-page Bulletin 
1800C describes and illustrates mak- 
er’s “Type 21-103C” mass spectrome- 
ter for analytical measurement and 
research.—Consolidated Engineering 
Corp., 300 N. Sierra Madre Villa, 
Pasadena 15, Calif. 

Circle 601 on inquiry card. 


Spectrometer. New 2-page Data 
Sheet 10.16-19 describes and _illus- 
trates maker’s “RIDL 2300” scintilla- 
tion spectrometer used in scintillation 
crystal testing, x-ray spectrometry, 
analysis of radioactive mixtures, ete. 
—Industrial Div., Minneapolis-Honey- 
well Regulator Co., Philadelphia 44, 
Pa. 

Circle 602 on inquiry card. 


Fluorescence Analysis. New 16-page 
issue (Vol. 11, No. 1) of “Norelco 
Reporter” features article on “Recent 
Advances in Fluorescence Analysis 
Instrumentation.” —North American 
Philips Co., Inc., 750 S. Fulton Ave., 
Mt. Vernon, N. Y. 

Circle 603 on inquiry card. 


Spectrometer. New 4-page issue of 
“Spectrographer’s News Letter” (Vol. 
8, No. 1) describes maker’s X-ray 
scanning spectrometer, Multisource, 
and ARL Quantograph for spectro- 
chemical analyses.—Applied Research 
Labs., P. O. Box 1710, Glendale, Calif. 

ircle 604 on inquiry card. 


Capacitance Analyzer. New Bulle- 
tin 154-H1 describes maker’s “Model 
H-04” capacitance product analyzer 
for continuous recording of pipeline 
contents, and recording of water con- 
tent in hydrocarbons by measurement 
of dielectric properties of material 
passing electrode.—Instruments, Inc., 
122 N. Madison, Tulsa, Okla. 

Circle 605 on inquiry card. 


X-Ray Spectrography. New 8-page 
booklet contains reprinted articles on 
“Determination of Trace Amounts of 
Iron ... by Fluorescent X-ray Spec- 
trography.”—North American Philips 
10., Inc., 750 S. Fulton Ave., Mount 
Vernon, N. Y. 

Circle 606 on inquiry card. 


Spectroscopic Analysis. New 8-page 
folder contains reprinted article on 
“X-ray Spectroscopic Determination 
of Columbium and Tantalum in Rare- 
Earth Ores.”—North American Phil- 
ips Co., Ine., 750 S. Fulton Ave., 
Mount Vernon, N. Y. 

Circle 607 on inquiry card. 


Electron Microscope. New 6-page 
folder describes and illustrates mak- 
er’s “Model 75KV” electron micro- 
scope with magnification range of 








1,500 to 15,000 diameters.—North 

American Philips Co., Ine., 750 S. 

Fulton Ave., Mount Vernon, N. Y. 
Circle 608 on inquiry card. 


Spectrograph. New 2-page bulletin 
is reprint of article “Helium Chamber 
X-rav Spectrograph.’—North Amer- 
ican Philips Co., Inc., 750 S. Fulton 
Ave., Mount Vernon, N. Y. 

Circle 609 on inquiry card. 


Spectrometer Probe. New 4-page 
issue of “Radio-Frequency Spectro- 
scopy” (Vol. 1, No. 3) features article 
on “Important New Spinning Sample 
Technique Improves n.m.r. Resolu- 
tion.””—Varian Associates, 611 Hansen 
Way, Palo Alto, Calif. 

Circle 610 on inquiry card. 


ELECTRICAL, 
ELECTRONIC 
INSTRUMENTS 


Plug-in Networks. New 2-page bul- 
letin describes maker’s plug-in “Twin 
T” networks which allow quick change 
of circuit constants and rapid servic- 
ing.—White Instrument Laboratories, 
203 Riverside Drive, Austin 4, Texas. 

Circle 611 on inquiry card. 


Phase Meters. New 6-page issue of 
“TIC Laboratory Report” (No. 15) 
describes methods for production test- 
ing of helicopter altitude control, 
amplifier phase shift, and gyro table 
phasing through use of various types 
of phase meters.—Technology Instru- 
ment Corp., Acton, Mass. 

Circle 612 on inquiry card. 


VSWR. New 8-page issue of “PRD 
Reports” (Vol. 3, No. 2) features 
article on “Impedance Measurements 
in the 50-1000 MC/SEC Range with a 
New Standing Wave _ Indicator.”— 
Polytechnic Research & Development 
Co., Inc., 202 Tillary St., Brooklyn 1, 
ae 

Circle 613 on inquiry card. 


Resistance Tester. New 8-page Bul- 
letin 1-2 describes and illustrates mak- 
er’s line of “Vibroground” portable 
field instruments for measurement of 
ground resistance, and soil and earth 
resistivity.—Associated Research, Inc., 
3758 W. Belmont Ave., Chicago 18, IIl. 

Circle 614 on inquiry card. 


Measuring Bridge. New 8-page 
booklet is manual for high-precision 
Kelvin-Wheatstone measuring bridge 
with 5-dial-switch decade resistors.— 
Donald C. Siebert, P. O. Box 281, 
Wilmington, Del. 


Circle 615 on inquiry card, 


Signal Generators. New 2-page bul- 
letin presents description of maker’s 
“Sweepalator” combined signal and 
sweep generator, and “Decalator Mod- 
el B” crystal-controlled signal genera- 
tor.—Decade Instrument Co., Box 153, 
Caldwell, N. J. 


Circle 616 on inquiry card. 


Oscillators. New 4-page bulletin 
presents description, frequency range, 
and price of maker’s sweeping oscilla- 
tors, random-noise generators, gen- 
erators for television, pulse and 
pulsed-carrier generators, marker gen- 


The 
“darkroom” 


you carry 


with you... ! 


Consolidated Type 23-109 
OSCILLOGRAM | 
ad 2 2 @] Od hh 0] 


Use it anywhere... it needs neither water con- | 

nections nor darkroom... automatically delivers 

a developed, dried oscillogram to you in mere 

minutes. The hundreds now in use are saving | 

processing time...are reducing that vital gap | 

between the test and data availability. | ; 
You needn’t have great numbers of oscillo- | @ thermostatic control 

graph records to justifya CEC processor. Because | 

it will take the entire contents of an oscillograph | @ rapid...upto15 fpm 

magazine, it’s equally valuable for test programs =| 

consisting only of occasional, long-duration runs. | 

Extremely simple, it can be operated even by in- | Write for Bulletin 

experienced personnel. | CEC 1537B-X3. 


Consolidated Engineering Corporation 
ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 
300 North Sierra Madre Villa, Pasadena 15, California 


Sales and Service Offices Located in: Albuquerque, Atlanta, Buffalo, Chicago, 
Dallas, Detroit, New York, Pasadena, Philadelphia, Seattle, Washington, D. C. 
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| @ portable, automatic 


@ 250-ft. record capacity 








ELECTRONICS Eo 


with the New, Low Cost 
Crow Basic Electronics Kit 


© Here's the ideal instruction aid for your em- 
ployee training program—a combination of 
equipment and text moterial designed to let 
you learn electronics by visual experiment. 

The kit contains 82 precision components, 
everything you need to perform 60 experi- 
ments. A correlated, 275-page work manual 
shows you in words and pictures exactly how 
to proceed. 

Model 50-A complements Crow Electri-Kit 60 OPERATING ASSEMBLIES 
Model 41-B .. . takes you from Beginners’ Capacitors + Voltage Dividers + Vibrators 
Electricity directly into the study of Electronics. Frequency Discriminators and Multipliers 
With this unique kit, anyone familiar with basic one Ma oF Se ae lastruments 
electrical principles can learn electronics easily. ee + a 2 ae 
It can even be used for self instruction at home 
. .. as fascinating as your favorite hobby. Model 50-A Kit provides @ solid foundo- 
tion for further training in specialized elec- 
tronic fields—Radio Transmitting and Re- 
: ceiving, Industrial Electronic Circuitry, or 
Price of the complete, 82-piece Model 50-A Radar and Television Circuitry. 
kit—including precision meter (+:1%), re- These principles are covered in the Crow 
sistors, coils, capacitor bank, etc.—is $87.50. Electronic Tubes, Circuits and Devices Kit 
Write for illustrated folder giving full details. edel £2) emteble comm. 


CROW ELECTRI-CBAIT COMP mitt eric 
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OTENTIOMETER NEW LITERATURE 





miniaturized * " 











1 | : p F 
@ POTENTIOMETER © erators, sound and vibration analysis 
(0) (0) equipment, ete.—Kay Electric Co., 
, Pine Brook, N. J. 


Circle 617 on inquiry card. 


Voltage, Current, Flux. New set of 
bulletins describe and illustrate for- 
eign-made moving-coil instruments 
for measuring current and voltage in 

. . 5 d-c systems; fluxmeters used for 
CURRENT ADJ. MILLIVOLTS e "= 
Se measuring magnetic flux and mag- 


: =~ | (ges netic induction—Donald C. Seibert, 
© : | Box 281, Wilmington, Del. 


T-2 MV — } Circle 618 on inquiry card. 























Radio, Hi-Fi. New 48-page 1955 
Catalog 3-55 pictures and describes 
maker’s high-output dynamic micro- 

ey : phones, TV_ boosters hono-radio 
The miniaturized Potentiometer, Model P-55, Pee 4s > ae ? P . 
combinations, hi-fi equipment, indoor 
weighs only three and one half pounds, and measures antennas, tool kits, tube testers, ete. 
—Lafayette Radio, 100 Sixth Ave., 
just 41/8 x 41/2 x 7 1/2 inches, yet is accurate New York 12°; YY. 


Circle 619 on in quiry card. 





to 0.2%. The dual input is equipped with an internal 


switch. The battery life is two Electronic Components, Equipment. 
New 16-page catalog “This Month” 
pictures and describes frequency re- 
ceivers, watthour meters, miniature 


years. $215.00 


nce 


ALLEGANY INSTRUMENT COMPANY 
incorporated 


1000 Oldtown Road 
Cumberland, Maryland 
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The Instrument 
Air Dryer 


with all 
the 
features 


x Exclusive Finned System Desiccant Chambers 

# Avtomatic, Semi-Automatic, or Manual Control 

te Compact Functional Design (ASME Code) 

% Safety interlock Control System 

%& Atmospheric and Pressure Regeneration Circuits 
3k Moisture Indicator and Instruments Panel Mounted 
yw Superior Desiccant 

te Exit Dewpoint below minus 40°F at line pressure 


k& Steom and Electric Reactivation 
SEND FOR 


Submit your Dryer problems to our HiPriritt 
experienced instrument engineers. 


ieee Sek o Benen, | 





494 Westfield Avenve, East + Reselle Pork, New Jersey 
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Answers to |.Q. Quiz 
on page 631 
oo or oe Pe 


2.—a 5.—b 8.—b 
3.—c 6.—d 9.—b 











Book List 


Nuclear Reactors for Industry 
and Universities, edited by Ern- 
est H. Wakefield, 1954, cloth, 
102 pages, 4-page index. 

Price $2.00 [FJ 
A Bibliographical Survey of 
Flow Through Orifices and Par- 
allel-Throated Nozzles by T. H. 
Redding, 1952, cloth, 207 pages. 

Price $6.00 1 
Process Control] by A. J. Young, 
1954, 140 pages, 3-page index. 

Price $2.00 [1 
Electronic circuitry for Instru- 
ments and Equipment by Mil- 
ton H. Aronson, 1953, cloth, 310 
pages. Price $4.00 1 


payment must accompany order 


Instruments Publishing Company 
845 Ridge Avenue 
Pittsburgh 12, Pennsylvania 


Enclosed is $ 











immersion pumps, medical stetho- 
scopes, mercury relays, flow control 
valves, solenoids, transformers, bat- 
tery chargers, etc., available from dis- 
tributor.—Herbach & Rademan, Inc., 
1204 Arch St., Phila. 7, Pa. 

Circle 620 on inquiry card. 


Preamplifier. New 8-page issue of 
“The Right Angle” features article 
on “Measurement with the Servo Mon- 
itor Preamplifier.”—Sanborn Co., 
Cambridge 39, Mass. 

Circle 621 on inquiry card. 


Bridges, Amplifiers, Pots. New 8- 
page Bulletin A7 pictures and de- 
scribes maker’s impedance bridges, 
amplifiers, “Dekaviders”, “Deka- 
boxes”, “Dekapots”, and “Dekastats”’. 
—Electro-Measurements, Ine., 4312 
S. E. Stark St., Portland 15, Oregon. 

Circle 622 on inquiry card. 


Magnetic Amplifiers. New 20-page 
Booklet 52-600 describes maker’s mag- 
netic amplifiers for control applica- 
tions. Includes tables illustrating com- 
ponent parts, applications, and oper- 
ating characteristics—Westinghouse 
Electric Corp., P. O. Box 2099, Pitts- 
burgh 30, Pa. 


Circle 623 on inquiry card. 


Amplifiers. New bulletin describes 
maker’s “Model ZA-12430”  direct- 
coupled amplifier for lab or instru- 
mentation use.—EECO Production 
Co., 827 S. Vermont Ave., Los Angeles 
5, Calif. 

Circle 624 on inquiry card. 


Oscilloscope. New 2-page Bulletin 
770-1 55H describes maker’s “Model 
770” oscilloscope for observation of 
transient or regular recurring phe- 
nomena.—Hickok Electrical Instru- 
ment Co., 10514 Dupont Ave., Cleve- 
land 8, Ohio. 


Circle 625 on inquiry card. 


Turbine Generators. New 16-page 
Bulletin GEA-6128 presents descrip- 
tion of maker’s turbine generators for 








merchant marine use. Includes con- 
struction and design features for pas- 
senger ships, cargo vessels, bulk car- 
riers, etc.—General Electric Co., Sche- 
nectady 5, N. Y. 

Circle 626 on inquiry card. 


Magnetic Testing Set. New 4-page 
issue of “Electrical Measurements” 
(Vol. 22, No. 1) describes maker’s 
SRIC universal magnetic-testing set 
for determining B-H curves, hystere- 
sis loops, etc.—Sensitive Research In- 
strument Corp., Mount Vernon, N. Y. 

Circle 627 on inquiry card, 


Potential Current Transformers. 
New 100-page 1955 Buyer’s Guide GEC 
1028 presents ratings, ASA accuracy 
classifications, listings of ratio and 
phase-angle tests, tables of replace- 
ment types and prices of all standard 
G-E indoor and outdoor potential and 
current transformers.—General Elec- 
tric, Schenectady 5, N. Y. 

Circle 628 on inquiry card. 


AC/DC, DC/AC Converter. New 
4-page booklet describes and _ illus- 
trates maker’s “Series 300” converter 
for a-c to d-c or d-c to a-c with lab- 
oratory precision.—Quare Associates, 
P. O. Box 95, Canton, Mass. 

Circle 629 on inquiry card. 


Volt-Ohmmeter. New Bulletin A-55 
describes and illustrates maker’s pock- 
et-size volt-ohmmeter with sensitivi- 
ty of 10,000 ohms-per-volt on both 
a-c and d-c. Available in fourteen 
measurement ranges.—Simpson Elec- 
tric Co., 5200 W. Kinzie St., Chicago 


44, Ill. 
Circle 630 on inquiry card. 


Delay Lines. New 12-page Catalog 
54 describes maker’s lumped-constant, 
ultrasonic, and distributed-constant 
delay lines.—Richard D. Brew & Co., 
Inc., Concord, New Hampshire. 

Circle 631 on inquiry card. 


Transistor Circuits. New 24-page 
issue of “Cornell Dubilier Capacitor” 
(Vol. 20, No. 2) presents article on 
“Special-Purpose Transistor Circuits.” 
—Cornell Dubilier Electric Corp., 
Hamilton Blvd., S. Plainfield, N. J. 


Circle 632 on inquiry card. 


Panel Instruments. New 4-page Bul- 
letin RUG 230 presents specifications 
of maker’s sealed and ruggedized elec- 
trical indicating instruments.—DeJur- 
Amsco Corp., 45-01 Northern Blvd., 
Long Island City 1, N. Y. 

Circle 633 on inquiry card. 


Oscillator. New 8-page issue of 
“General Radio Experimenter” (Vol. 
29, No. 9) features article on “A 900- 
2000 Mec Unit Oscillator.”—General 
Radio Co., 275 Massachusetts Ave., 
Cambridge 39, Mass. 

Circle 634 on inquiry card. 


Amplifier. New 2-page specification 
sheet describes maker’s differential- 
transformer amplifier ‘Model 400” 
for dynamic study of physical phe- 
nomena.—Daytronic Corp., 216 
Main St., Dayton, Ohio. 

Circle 635 on inquiry card, 


Oscilloscopes. New 4-page booklet 
illustrates maker’s line of portable 














NEW ISSUE 











This announcement is under no circumstances to be construed as an offer to sell or 
as a solicitation of an offer to buy any of these securities, 


The offering is made only by the Offering Circular. 
February 1, 1955 


100,000 Shares 


ELECTRONIC SPECIALTY Co. 
Capital Stock 


(Par Value $.50 per share) 


Shavex Corporation is a wholly owned 
subsidiary of this Company. 


Price $3.00 per Share 


Copies of the Offering Circular may be obtained from the 
undersigned only in States in which the undersigned 
is qualified to act as dealer in securities and in which 
the Offering Circular may legally be distributed. 


D. A. LOMASNEY & Co. 
39 Broadway, New York 6, N.Y. 
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Try thie On 
your recorder! 


Model 745 
414" Semi-Flash 


€ 
eg CORP RE pwood ary 6& 


Famous names choose Burlington 
for consistent quality and prompt 
service. Burlington offers the widest 
range of VU meters—from 114" to 
414" in a variety of case materials 
and styles including bakelite, metal, 
hermetically sealed and sealed 
ruggedized. Square, Round, 
Rectangular and Fan-shaped. 
Standard meters of every description, 
“If you don’t see it—ask for it’”— 


‘nalon 
CUSTOM BUILT TO SPECIFICATION 
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WRITE FOR CATALOGUE NI 
Shows cases, ranges, prices 


BURLINGTON INSTRUMENT COMPANY 


131 N. Third St., Burlington, lowa 








THERMOCOUPLE 
INSULATORS 


_—\ 
0) 
)) 
This Gordon Thermocouple 
TaRa i iehiclM@mil-leiicte Mate Malclmelale 


plunged into cold water, came 


out just as good as new 


Available only through GORDON, Serv- 
rite Thermocouple Insulators are made 
to stand the gaff of excessive thermal 
shock far above normal requirements. 
For sturdy and reliable thermocouple 
insulator performance to meet peak pro- 
duction needs—specify Serv-rite ...a 
development backed by Gordon’s many 
years’ experience in supplying industry 
with insulators that give longer 
life and better results. 


Serv-rite 

Thermocouple Insu- 

lators — in any type or size 

—can be supplied immediately from 

Gordon's large stocks in the Chicago 

and Cleveland plants. Remember — 

you can always distinguish Serv-rite In- 
sulators by their tan color. 


Asbestos String 
Single Hole 
Double Hole Oval 


Fish Spine Beads 
Asbestos Tubing 
Double Hole Round 





CLAUD S. GORDON CO. 


Manufacturers & Distributors 
Thermocouple Supplies + Industrial Furnaces & Ovens 
Pyrometers & Controls » Metallurgical Testing Machines 

609 West 30th Street, Chicago 16, Illinois 
2025 Hamilton Avenue, Cleveland 14, Ohio 


a aa > poe ser 
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MANUFACTURERS’ NEW LITERATURE 





oscilloscopes, panel-mount oscillo- 
scopes, and waveform monitors.—Pro- 
bescope Co., 44-05 30th Ave., Long 
Island City 3, N. Y. 


Circle 636 on inquiry card. 


Volt-Ohmmeter. New 52-page “Op- 
erators Manual” describes maker’s 
“Midgetester” Model 355 ultra-com- 
pact, self-shielding volt-ohmmeter for 
electrical and electronic applications. 
—Simpson Electric Co., 5200 W. Kin- 
zie St., Chicago 44, Il. 


Circle 637 on inquiry card. 


High-current Testing Units. New 
set of 2-page Data Sheets series 55 
describe maker’s line of portable, 
high-current test units for safety 
checking and calibrating electrically- 
actuated protective devices.—Multi- 
Amp Corp., 10 Third St., Newark 5, 
N. J. 


Circle 638 on inquiry card. 


Frequency Meter. New 2-page bul- 
letin presents description of foreign- 
made two-reed frequency meter for 
determining mechanical vibrations, 
electrical oscillations and revolutions- 
per-minute.—Epic, Inc., 154 Nassau 
St., New York 38, N. Y. 

Circle 639 on inquiry card. 


BFO Motor Drives. New 8-page is- 
sue of “General Radio Experimenter” 
(Vol. 29, No. 6) features article on 
“Motor Drives for Precision Dials and 
Beat-Frequency Oscillators.”—Gener- 
al Radio Co., 275 Massachusetts Ave., 
Cambridge 39, Mass. 

Circle 640 on inquiry card. 


Electronic Equipment Export. New 
4-page folder describes export com- 
pany’s facilities, special services, 
products, export-import, packing, 
transportation procedures, ete.—Ter- 
minal Radio International, Ltd., 85 
Cortlandt St., New York 7, N. Y. 


Circle 641 on inquiry card. 


POWER SUPPLIES 


Power Supplies. New 8-page bulle- 
tin describes sixty-four variations of 
single and dual power supplies. In- 
cludes electrical, mechanical and con- 
structional specifications—New Jer- 
sey Electronics Corp., 345 Carnegie 
Ave., Kenilworth, N. J. 

Circle 642 on inquiry card. 


Voltage Controller. New 8-page Bul- 
letin 5.06 illustrates all sizes of mak- 
er’s “Regohms” voltage controllers. 
Gives type designations and dimen- 
sions for sizes 1 and 3, and includes 
dimensions for standard sockets and 
chassis.—Electric Regulator Corp., 
Norwalk, Conn. 

Circle 643 on inquiry card. 


Dynamotors. New 6-page Bulletin 
410 describes and illustrates maker’s 
“S” and “G” series dynamotors. In- 
cludes tables on illustrative ratings 
and maxima of various frame sizes. 
4-page Bulletin 420 presents descrip- 
tion of maker’s type “K” rotary con- 
verter—Sangamo Generators, Inc., 
2110 Clear Lake Ave., Springfield, Ill. 


Circle 644 on inquiry card. 


Voltage Regulator. New bulletin 
presents specifications of maker’s 
voltage regulator used as a voltage 
standard in measuring and control- 
ling circuits to replace standard cells, 
ballast lamps and calibrating pro- 
cedures.—C. R. Eckberg Control In- 
struments, P. O. Box 46, Port Wash- 
ington, N. Y. 

Circle 645 on inquiry card. 


Battery Eliminator. New 2-page 
Bulletin 100 presents description of 
maker’s “Model KM88” aircraft bat- 
tery eliminator for ground operation 
and bench testing of airborne equip- 
ment.—Opad Electric Co., 69 Murray 
St., New York 7, N. Y. 


Circle 646 on inquiry card. 


SWITCHES, RELAYS 


Control Switches. New 2-page Data 
Sheet 920 describes and illustrates 
maker’s remote-control switches for 
600 volts a-c and 250 volts d-c.—Auto- 
matic Switch Co., 391 Lakeside Ave., 
Orange, N. J. 


Circle 647 on inquiry card. 


Relays. New 2-page Bulletin 553 
presents ratings and selection charts 
of maker’s magnetically- and me- 
chanically-held relays. 4-page Bulle- 
tin 708 describes maker’s two-way 
solenoid valves for controlling flow 
of air, gas, water, light oil and other 
noncorrosive fluids—Automatic 
Switch Co., 391 Lakeside Ave., 
Orange, N. J. 

Circle 648 on inquiry card. 


Relays. New Data Sheet 555 de-" 
scribes maker’s time-delay combina- 
tion for any standard a-c voltage, 
made-up of “NEMA 1A” cabinet for 
general applications indoors, adapter 
tapped transformer for 240, 480, and 
600 volts, and the relay itself—Auto- 
matic Switch Co., 391 Lakeside Ave., 
Orange, N. J. 

Circle 649 on inquiry card. 


Limit Switch. New 4-page Bulletin 
LS54A presents electrical, mechanical 
and maintenance characteristics on 
maker’s “Loxswitch” limit switch.— 
R. B. Denison Mfg. Co., 102 St. Clair 
Ave., N. W., Cleveland 13, Ohio. 

Circle 650 on inquiry card. 


Switches. New Bulletin GS1 pre- 
sents physical dimensions, contact 
characteristics, and methods of opera- 
tion of maker’s “E-5600” magnetic 
dry-reed switch.—Revere Corporation 
of America, Dept. GS-1, Wallingford, 
Conn. 

Circle 651 on inquiry card. 


Step Switch. New 4-page Booklet 
UNL 3 describes maker’s “Both-Way 
Uniselector” step switch for control 
and indication circuits.—Imtra Corp., 
58 Charles St., Cambridge 41, Mass. 


Circle 652 on inquiry card. 


Relays. New 12-page Catalog 25-A 
describes and illustrates maker’s tele- 
phone-type relays, major, minor and 
high-voltage relays.—Imtra Corp., 58 
Charles St., Cambridge 41, Mass. 


Circle 653 on inquiry card. 





Sub-miniature Relays. New 2-page 
illustrated bulletin describes maker’s 
5 ampere, subminiature, 6-pole, dou- 
ble-throw relays “Series 2005.”— 
Guardian Electric Co., 1621 W. Wal- 
nut St., Chicago 12, III. 

Circle 654 on inquiry card. 


Switches. New Data Sheet P96 pre- 
sents description on maker’s environ- 
ment-proof subminiature switches for 
operation from —65 deg. F. to +180 
deg. F.—Micro Switch Div., Minne- 
apolis Honeywell Regulator Co., Free- 
port, Ill. 

Circle 655 on inquiry card. 


RESISTORS, 
POTENTIOMETERS 


Potentiometer. New Data Sheet 54- 
36 pictures and describes maker’s 
“Series G” potentiometer used in air- 
eraft servo systems and bushing 
mounting.—Helipot Corp., S. Pasa- 
dena, Calif. 

Circle 656 on inquiry card. 


Potentiometers. New 4-page bro- 
chure describes maker’s “Type PD-1” 
dielectric potentiometer for closed- 
loop self-regulating systems and 
“Type PD-2” for manual-control vi- 
deo-transmission sets, signal-genera- 
tor attenuators, etc.—Technology In- 
strument Corp. 531 Main St., Acton, 
Mass. 

Circle 657 on inquiry card. 


Potentiometers. Two new bulletins 
picture and describe maker’s ten-turn 
sub-miniature precision and sub-min- 
iature trimming potentiometers. In- 
cludes electrical, mechanical and en- 
vironmental specifications.—Daystrom 
Pacific Corp., 1509 Colorado Ave., 
Santa Monica, Calif. 

Circle 658 on inquiry card. 


Resistors. New 6-page brochure de- 
seribes maker’s “Davohm Series 850” 
hermetically-sealed resistor for air- 
craft and radar use.—Daven Co., 191 
Central Ave., Newark 4, N. J. 

Circle 659 on inquiry card. 


Potentiometers. New 2-page Bulle- 
tins D54-1 and D54-A describe maker’s 
“Types 2134-35 and 2234-35” recti- 
linear-motion potentiometers for ap- 
plications where system voltage ex- 
ceeds that which is desired across 
potentiometer.—Markite Corp., 155 
Waverly Place, New York 14, N. Y. 

Circle 660 on inquiry card. 


Potentiometers. New 2-page bulle- 
tin describes and illustrates maker’s 
“Model RVG-10” precision potenti- 
ometer which can be modified physi- 
cally for special mounting arrange- 
ments.—Gamewell Co., Newton Upper 
Falls 64, Mass. 

Circle 661 on inquiry card. 


Potentiometers. New set of 2-page 
bulletins describe maker’s precision 
single-turn potentiometers “Models 
100, 200, 300 & 400” with all-alumi- 
num case construction giving stability 
and high heat dissipation.—Spectrol 
Div., Affiliated Gas Equipment, Inc., 
1704 South Del Mar, San Gabriel, 
Calif. 

Circle 662 on inquiry card. 


For ambient temperature tests in the 
LABORATORY or on the PRODUCTION 
LINE, the Model TC-2 Temperature Test 
Chamber is ideal. Interchangeable extra test 
trays may be ordered to eliminate loading 
deiays in continuous production tests, or 
for convenience in special test work. 


el a t- 1°) | eee Range: —65° to + 350° F. 
Heater: Electric strip heater 


Fy Coolant: Dry ice, 15 Ibs. capacity 
Versatile... Control: Adjustable thermostat & 


selectable heat inputs 
Load Capacity: 600 cubic inches of 
test materials 
Temperature Power: 115V, 5 amp. 50-60 cycle 
Overall Size: 48” x 1642”x 12” 


Test Chamber Weight: 621/ Ibs. 


MODEL TC-2 
TEMPERATURE 
TEST CHAMBER 


ee 


$550.00 DEVELOPMENT 
F.0.B. LOS ANGELES fole} J te). wale, | 


12411 W. Olympic Bivd. 
Los Angeles 64, Calif. 











Weighing 
Systems 


by 
Pneumatic 
Force Balance 





PROVIDE AUTOMATION FOR THE CONTINUOUS 
OR BATCH PROCESS. 


A complete line of weight transmitters in single and multiple dia- 
phragm construction with load capacities up to 23,000 pounds per 
diaphragm. Pneumatic tare balance for any portion of the total load 
on all models. All moving parts are enclosed totally. Complete weigh- 
ing systems designed to your requirements. 


WRITE FOR CATALOG 


JOHN R. MONSELL COMPANY 
Pitman, N. J. 
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Gator! 


Dryer 


AIR TO -110 DEW POINT 





—_— ally refrig 
supplies to -110°F dew point! Cleans 


@ Produces Constant Supply of clean, dry air 
to -110°F dew point. 


® Automatic operation—requires no attention 
—no filters or cartridges to clean, 


® Sizes range in capacities from 4 CFM, up. 

® Mechanically refrigerated unit with 5 yr. 
warranty. 

Now — for the first time, you can get 

an inexpensive, automatic, mechanic- 

erated Air Drier that will produce air 

, drys and delivers air without appreci- 


able pressure loss. The new M & M unit is designed to permit continuous 


operation and requires no attention 
water and oil is 


Envir 
1330 


S. MICHIGAN AVENUE e 


or labor to reactivate. Separation of 
accomplished thru condensation. 


WRITE FOR COMPLETE INFORMATION AND PRICE. 


MURPHY & MILLER, INC. 


onmental Test Division 


CHICAGO 5, ILL 
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HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 50 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy 
Comparatively 
inexpensive. 


* 
Illustrated 


bulletins 


free 





The Shore Instrument 
& Mig. Co., Inc. 


90-35 Van Wyck Expressway 
Jameica 35, N. Y. 
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Over 85% of the torque wrenches 
used in industry are 


ight, Sound or Feel. 


eT aoe 


Marys gine! eee wT 
@ Permanently Accurate 


@ Practically Indestructible 
@ Faster—Easier to use 
@ Automatic Release 


@ All Capacities 


in inch grams...inch 
ounces,..inch pounds 
...foot pounds 

(All sizes from [-,. 


0-6000 ft. Ibs.) 


Every 
manufacturer, 
design and 
production man 
should have 
this valuable 
data. Sent upon 
request. 
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se Bites TTA. Wire Net 


NEW LITERATURE 





ELECTRONIC 
COMPONENTS 


Wire, Cable. New 34-page Catalog 
W1 presents illustrations and descrip- 
tions on maker’s wire and cable prod- 
ucts, including jackets, conductors, 
“Aljak” coaxial cables, miniature and 
triaxial cables, cable-connector selec- 
tor, Teflon insulated wires, etc.— 
American Phenolic Corp., Chicago 50, 


Circle 663 on inquiry card. 


Capacitors. New 44-page catalog 
presents illustrations and tabulated 
data, specifications, interchangeability 
list, coding information, etc., on mak- 
er’s series of paper and foil hermeti- 
cally-sealed capacitors.—San Fernan- 
do Electric Mfg. Co., P 1509 First St., 
San Fernando, Calif. 

Circle 664 on inquiry card. 


Selenium Rectifier. Two new Bulle- 
tins 6-page H-2 and 4-page “Inter- 
national Rectifier News” (Dec.-Jan. 
55) picture and describe maker’s 
high-voltage selenium rectifier cart- 
ridges for directing current in high- 
voltage-low-current applications.—In- 
ternational Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 

Circle 665 on inquiry card. 


Diodes. New 4-page Bulletin GD-2 
lists ratings and specifications on 
maker’s germanium diodes.—Interna- 
tional Rectifier Corp., 1521 E. Grand 
Ave., El Segundo, Calif. 


Circle 666 on inquiry card. 


Connectors. New 8-page Brochure 
Rl pictures and describes maker’s 
line of “Blue Ribbon” connectors with 
a ribbon-type contact for fast connect 
and disconnect of mating pairs.— 
American Phenolic Corp., 1830 S. 54th 
Ave., Chicago 50, IIl. 

Circle 667 on inquiry card. 

Bobbin Cores. New 4-page Bulletin 
BC-102 presents specifications on 
maker’s bobbin cores made of ultra- 
thin magnetic core materials, wound 
on small ceramic bobbins._—_Magnetics, 
Inc., Butler, Pa. 

Circle 668 on inquiry card. 

Air Capacitors. New 16-page Cata- 
log 823 presents mechanical and elec- 
trical specifications on maker’s preci- 
sion air capacitors, including midget, 
single and dual, plug-in, and trans- 
mitting capacitors——Allen D. Card- 
well Co., Electronics Productions 
Corp., Plainville, Conn. 

Circle 669 on inquiry card. 


Pilot Lights. New 8-page Bulletin 
OG-A describes maker’s “Series 1000” 
Omni-Glow” pilot lights for industrial 
applications.—Industrial Devices, Inc., 
Edgewater, N. J. 

Circle 670 on inquiry card. 


Connectors. New 12-page illustrated 
Bulletin R1 describes maker’s “Blue 
Ribbon” connector for electronic sub- 
assemblies with low-insertion and 
withdrawal-force requirements.— 
American Phenolic Corp., 1830 S. 54th 
Ave., Chicago 50, Ill. 

Circle 671 on inquiry card, 








Transformers. New 12-page booklet 
describes and illustrates maker’s her- 
metically-sealed, mil-type, transistor- 
type, miniature, sub-miniature, micro- 
miniature and standard-type trans- 
formers.—Microtran Co., 84-11 Boule- 
vard, Rockaway Beach, N. Y. 

Circle 672 on inquiry card. 


Capacitors. New 6-page Bulletin 
337-6 illustrates maker’s “Mylar” di- 
electric capacitors. Includes data on 
voltage derating for high temperature 
operation, dielectric material, end 
seals, etc-—Gudeman Co., 340 W. 
Huron St., Chicago 10, Ill. 

Circle 673 on inquiry card. 


Inductance Components. New 2- 
page Leaflet VI-1154 pictures and de- 
scribes maker’s small, adjustable in- 
ductors and a series of i-f transform- 
ers for environmental applications due 
to shock, vibration, moisture, and 
chemical resistance.—Levinthal Elec- 
tronic Products, Inc., 2903 Fair Oaks 
Ave., Redwood City, Calif. 

Circle 674 on inquiry card. 


Electronic Components. New 16- 
page leaflet illustrates maker’s termi- 
nal boards, plastic fabrication, elec- 
tronic hardware, screw machine parts, 
standard terminals, etce.—Citation 
Products Co., 233 E. 146th St., New 
York’ 51, N.Y. 


Circle 675 on inquiry card. 


Wire Seal. Two new 2-page bulle- 
tins describe maker’s wire seal and 
support clamp “Series W V” for chafe- 
free electrical installations.—Thomas 
Associates, 4607 Alger St., Los An- 
geles 39, Calif. 


Circle 676 on inquiry card. 


Tape Resistors. Two new 2-page 
bulletins describe and illustrate mak- 
er’s tape resistors for miniature elec- 
tronic assembly.—Hansen Electronics 
Co., 7117 % Santa Monica Blvd., Los 
Angeles 46, Calif. 


Circle 677 on inquiry card. 


COUPLINGS 


Tube Fittings. New 132-page Cata- 
log C-100 presents description and il- 
lustration of maker’s brass tube fit- 
tings and pipe fittings, drain and 
shut-off cocks, ‘“Ermeto” flareless 
tube and steel fittings, bulk hose and 
reusable hose ends, hose assemblies 
with reusable ends, hose assemblies 
with permanently attached ends, tools, 
i= Serna Co., Cleveland 8, 
Ohio. 


Circle 678 on inquiry card. 


Quick Couplings. New 6-page Bul- 
letin 54-1R describes maker’s “Pusho- 
matic” quick couplings for air, hy- 
draulie or fluid handling applications. 
—Breco Mfg. Co., Inc., 309 E. Sara- 
toga St., Baltimore 2, Md. 

Circle 679 on inquiry card. 


SHOP EQUIPMENT 


Soldering Iron. New Bulletin 30H 
pictures and describes maker’s “Feath- 
erweight” electric soldering iron for 
fine soldering on instruments, ete.— 
Hexacon Electric Co., 161 W. Clay 
Ave., Roselle Park, N. J. 


Circle 680 on inquiry card. 





WIDE-RANGE 


Pte (ae 15 fo fe PBT 


FAST-PULSE 
GENERATOR 


UNRETOUCHED PHOTO 
0.25 psec 


DURATION AND POSITION .05 to 1000 us 
RISE AND DECAY TIMES CONSTANT .03 ys 
SINGLE PULSES TO 20,000 PER SECOND 
100 VOLTS, 50 OHMS DRIVING IMPEDANCE 
CALIBRATED WIDTH, POSITION AND RATE 
TRIGGER OR SINE WAVE SYNCHRONIZATION 


TELETRONICS LABORATORY, IN 


54 KINKEL STREET 
» WESTBURY, L. I., N. Y. 


For more information circle 139 on inqui 





Diameter: 








HIGH SENSITIVITY, LOW RANGE 


PRESSURE 
TRANSDUCER 





24%,” 


An extremely sensitive variable in- 
ductance instrument for measure- 
ment of steady and transient pres- 
sure in full scale ranges as low as 
+ 4 inches of water. Permissible 
pressure overload in either direction 
up to maximum line pressure, 100 
psi, for difficult flow-metering appli- 
cations. A light diaphragm sensing 
element free from external mechan- 
ical linkage results in high natural 
frequency for dynamic measure- 
ments. 

MODEL DP-7 SPECIFICATIONS : 
Pressure Ranges:....+ 0.15 to + 15 psid 

+ 1% full scale 
Excitation Frequency: From 60 to 20,000 cps 
Natural Frequency: From 250 cps for 0.15 

psi range to 2500 cps for 15 psi range 


WRITE FOR BULLETIN NO... 1A-7 
Northam Engineering Facilities Are Available 
To Assist You With Any Application Problems. 
NORTHAM PRODUCTS INCLUDE... 


Transducers for pressure, acceleration and 
displacement measurement and auxiliary 
electronic equipment for complete systems. 


NORTH AMERICAN INSTRUMENTS, INC. 


a 


1955 edition of the 
OPTICAL INDUSTRY 
DIRECTORY 


DIRECTORY 
of its kind! 


Designed to save you valuable time! 


This guide contains more than 250 
pages of vital information pertaining 
to optics in industry. 


Lists worldwide manufacturers, distribu- 
tors, designers, ond repoirers of optical 
instruments. 

More thon 400 items ore indexed. More 
than 2,000 suppliers of these items are 
listed geographically. 

Shows where to purchase everything op: 
tical, whether it be raw gloss, optical 
working materials and machinery or 
complete optical instruments. 

Lists personnel engaged in optical manu- 
facture and design, purchasing, selling. 


LIMITED OFFER 





Mail your order direct to publisher for 


FY dint hi 
P . 











2420 North Lake Avenue * Altadena, Calif. 











THE OPTICAL PUBLISHING CO. 
Box 542-A, Huntington, New York 
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This ONE instrument checks RF, IF, 


and AF performance of 





SPECIFICATIONS: 


FREQUENCY RANGE: 20 cycles to 200 Ke. 
ranges. 80 Kc. to 50 Mc. in seven ranges. 


OUTPUT VOLTAGE: 0 to 50 volts across 750 


from 20 cycles to 200 Kc. 0.1 microvolt to 1 volt across 


50 ohms over most of range from 80 Kc. to 50 Mc. : 
quency oscillator. 
MODULATION: Continuously variable 0 to 50% from © Stray field and leakage 


20 cycles to 20 Kc. 


POWER SUPPLY: 117 volts, 50/60 cycles. 75 watts. 


DIMENSIONS: 15” x 19” x 12”. Weight, 50 Ibs. 





nformation circle 


MODEL 82 


receivers. 


20 cycles-50 mc. 





FEATURES: 


e Continuous frequency 
coverage from 20 cycles 
to 50 mc. 

@ Direct-reading individu- 
ally calibrated dials. 


in four @ Low harmonic content. 


e Accurate, metered output. 
© ohms e Mutual inductance type 
attenuator for high fre- 


negligible. 


Completely self-contained. 











MEASUREMENTS 
CORPORATION 


BOONTON - NEW JERSEY 






142 on inquiry card. 

























AMTHOR Dead Weight 
Pressure Gauge TESTER 


O 






Type 452 





Modern design and construction puts 
this rugged precision instrument in a 
grade above the ordinary dead-weight 
testers. 

Made in 14 ranges, to 10,000 Ibs. maxi- 
mum, 

We guarantee 1/10 of 1 percent accu- 
racy in each range. 

The Type 452 is designed for simplicity 
and compactness. It incorporates the 
newest refinements and improvements. 
Adapters and tools are supplied, as well 
as either carrying case or protecting | 
cover. 


Immediate and intelligent at- 
tention will be given to your 
inquiries on all industrial 
speed measurement problems. 





use a line 
Amthor 
Testing Instrument Co., Inc. 
49a Van Sinderen Ave., Brooklyn, N.Y. 


Drop today. 





MERCURY VAPOR 
DETECTOR 


for detecting the toxic vapor 
given off by mercury 








The toxic limit is a full scale reading 
on the high sensitivity scale Model 
23, illustrated above. The weight is 7 
pounds and the size is 13 x 8!/, x 4!/, 
inches. 

A bibliography on the mercury vapor 
hazard is available on request as well 
as literature on the different models 
of the Kruger Mercury Vapor Meter. 


HAROLD KRUGER 
INSTRUMENTS 


Box 164 San Gabriel, Calif. 
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e 144 on inquiry card. 


more information circ 


NEW LITERATURE 





Soldering Irons. New 4-page bulle- 
tin describes maker’s pencil soldering 
irons with interchangeable soldering 
tips, molded of red phenolic plastic, 
feather-light, less than 5-inches long. 
—Ungar Electric Tools, Inc., P. O. 
Box 312, Venice, Calif. 

Circle 681 on inquiry card. 


Wire Brushes. New 4-page leaflet 
illustrates maker’s twisted wire 
brushes, including standard and spe- 
cial, hand or power driven.—Mill-Rose 
Co., 1985 E. 59th St., Cleveland 3, 
Ohio. 

Circle 682 on inquiry card. 


Industrial Shelves, Lockers. New 24- 
page catalog presents maker’s line 
of steel shelving, lockers, storage and 
maintenance equipment for industrial 
and institutional use.—Precision 
Equipment Co., 3636 N. Milwaukee 
Ave., Chicago 41, IIl. 

Circle 683 on inquiry card. 


Work Benches. New 4-page Bulletin 
SC 120 describes maker’s “Model 12 
Sterilshield’” dust-free work benches 
for small laboratories and instrument 
manufacturers. Bulletin SC 140 illus- 
trates “Model 12” for precision equip- 
ment manufacturers.—Baker Co., Inc., 
Maplewood, Maine. 

Circle 684 on inquiry card 


FABRICATION, PARTS 


Screws, Nuts, Rivets. New 4-page 
illustrated bulletin describes maker’s 
miniature precision hardware, includ- 
ing instrument screws and nuts, print- 
ed circuit and instrument eyelets, flat 
and split lock instrument washers, etc. 
—Circon Component Co., 17544 Ray- 
mer St., Northridge, Calif. 

Circle 685 on inquiry card. 


Molded Plastics. New 8-page bulle- 
tin presents engineering, designing 
and manufacturing facilities for mak- 
er’s custom-molded plastics.—Koch 
Mfg. Co., 319 Main St., Jackson,- Mo. 


Circle 686 on inquiry card. 


Pads, Blankets. New 4-page folder 
describes maker’s “Jet-Pak” cushioned 
pads and blankets that prevent shock, 
abrasion, marring, freezing or dust 
accumulation.—Jet-Pak, Inc., 859-879 
Summer Ave., Newark, N. J. 


Circle 687 on inquiry ca 


Nameplates. New 4-page booklet 
“Branded For Life” describes maker’s 
“Metal-Cals” used for trademarking, 
serial numbering, service labeling, 
catalog and parts numbering and dial 
and gage marking—C & H Supply 
Co., 415 E. Beach Ave., Inglewood, 
Calif. 

Circle 688 on inquiry card. 


Coil Winding. New 38-page bulletin 
describes maker’s lab winders, trans- 
former and heavy-coil winders, wire- 
tension devices, ete.—Coil Winding 
Equipment Co., Oyster Bay, Long 
Island, N. Y. 

Circle 689 on inquiry card. 


Metal Stampings. New 38-page 
booklet describes and illustrates mak- 














er’s facilities for sheet-metal stamp- | 


ing of plate assemblies, standard | ‘ 
square and rectangular cases, cover 7 
plate assemblies, potting holes and 


cover stops, ete.—Hudson Tool and 
Die Co., Inc., 118-122 §. Fourteenth IN CONTROL VALVE DESIGN 
FOR RESEARCH = PILOT PLANTS = PROCESSING 


St., Newark 7, N. J. 














Circle 690 on inquiry card. 





Gears, Grinders. New 188-page cata- | 
log pictures and describes maker’s 
designing, engineering and building 
of tools, dies, jigs, fixtures and ma- 
chine tools.—Universal Gear Works, 
Inc., 1301 E. MeNichols Rd., Detroit 
3, Mich. 





Circle 691 on inquiry card 


Sawing Machines. New 20-page Bul- 


ef vi — Proportioning 
: re 
letin 54-702 describes and illustrates a ees % V | 
maker’s “Contour-matic” versatile, % ‘ ' alive 
semi-automatic machines for sawing, in 4 r 


filing, grinding, and polishing.—DoAll . 
Co., Des Plaines, Il. 
Circle 692 on inquiry card. 





sense, 
" a 


% OPERATES ON 30 PSI AIR 


“ ba 
Lathe Accessories. New 40-page | * Can be *. ILITY 
Catalog 5418 describes and illustrates | : furnished ’ * WIDE RANGEAB 
maker’s lathe, drill press, shaper and : ; acin 
pedestal grinder accessories.—South | ‘ — co 8 * PRESSURE RATING UP 
Bend Lathe Works, 425 E. Madison | ‘ rept TO 60,000 PSI 
St., South Bend 22, Indiana. | . high . 
Circle 693 on inquiry card. ‘temperatures 


Milling Cutters. New 44-page Cata- 
log 31 presents description, specifica- | 
tions and applications of maker’s 
“Types A, H, J, L and C” face-milling 
cutters.—Lovejoy Tool Co., Spring- 
field, Vt. 

Circle 694 on inquiry card. 


<At(|NC tauanaincalh INSTRUMENT (CO.; INC. 


SILVER SPRING, MARYLAND 


Die-casting Machines. New 2-page 
Data Sheet 5.4-4 describes applica- 
tion of maker’s “Pyr-O-Vane” con- 
trollers for holding molten alloys at 

| 
| 


For more information circle 145 on inquiry card. 








High Precision OpricaL Compo- RAWSON-LUSH 
NENTS Any Size For Rotating Coil 
Astronomical and Physical GAUSSMETER 








proper temperature prior to casting. 
—Industrial Div., Minneapolis-Honey- 
well Regulator Co., Philadelphia 44, 
Pa. 

es 


Circle 695 on inquiry card. Research 





Plastic Tooling. New 16-page bulle- 


tin “A Manual for Reinforced Plastics Parabolic. Spherical, Ellipsoidal 





| 
Tooling” illustrates and describes and Plane MIRRORS | 
maker’s plastic tools used as spotting 
racks, checking and inspection fix- ° 
tures, welding and assembly fixtures, | Plane Parallel PLATES | 
etc.—Marblette Corp., 37-21 30th St., | e 
Long Island City 1, N. Y. : : 
Circle 696 on inquiry card. | SCHLIEREN SYSTEMS 
Py 
Precision Gears. New 20-page book- | Wind Tunnel Optics i al iene 0 ates cldainam ani 
let describes modern facilities for de- ‘ in ‘he field to be measured. The voltage 
sign and production of spurs and heli- | generated is rectified in a synchronous rec- 
cal gears, pinions, sectors, ratchets, | Lenses & Prisms of Glass tifier and used to deflect a Rawson high 


sensitivity voltmeter with scale calibrated 


ar © . . ~ } > she > a 
armature and splined shafts, ete. in iiapeuines. 


Natural or Synthetic | 
Micron Gear Mfg. Co., 102-38 Corona : aaa. | 























: : ; CRYSTALS t 
aie. Lene &, s. ¥ - Feri) Simple operating principles, simple 
Circle 697 on inquiry card. } to use and maintain. 
¥ ste ical ¢ chanice 2) Compact and portable, just one 
: . . ores. Complete Optical and Mechanical | ( Conpod sad agra ym 
Electromechanical Products. New INSTRUMENTS (3) Ranges 0.4—1.2—4-12--40—120 kilo- 
20-page brochure presents a digest- | gausses, all in one instrument. 
record of history, organization, re- e | (4) Aeon Yi measurement of 
search, development and production Made to Specifications (5) Gen be taserted lo any qe lerger 
of company producing precision elec- than 4" and will reach center of 37" 
tromechanical devices.—Transitron, e diameter gap. rere protected by 
5 “] 5 Jew é y . 7 ’ . nary outer tubing. 
NY ce nweneene ore High Vacuum Coating | (6) Mesuees direction of field as well 
ose 4 | as intensity. 
Circle 698 on inquiry card. 2 (7) Guaranteed accuracy | per cent or 
better. 
° y . . (8) Low Price $350.00 complete with 
Metal Stampings. New 16-page leaf- John Unert] Optical Co. meter. 
let describes maker’s clips, caps, rings RAWSON ELECTRICAL 
and tube shields for standard and 3551-3555 East Street Y 
miniature-type tubes.—Fred Goat Co., Pittsburgh 14, Penna. INSTRUMENT COMPANY 
Inc., 314 Dean St., Brooklyn 17, N. Y. otter 3%. a ge. ° 
Circle 699 on inquiry card. 
For more information circle 146 on inquiry card For more information circle 147 on inquiry card 
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SEARCHLITE SECTION 


CLASSIFIED 





Yq inch vertically by 2!/, inches wide.) 


ADVERTISING 
EMPLOYMENT & BUSINESS OPPORTUNITIES 


The advertising rate is $12.00 per inch for all advertising (An advertising inch is measured 


Send advertisements to INSTRUMENTS & AUTOMATION, 845 Ridge Ave., Pittsburgh 12, Pa. 
Address box replies to Instruments Publishing Co., 845 Ridge Ave, Pittsburgh 12, Pa. 





CINEMA’S 
TAPE AND FILM 


OqMUSSEr 


OF MAGNETIC TAPE & FILM 


CLEAN ERASURE 


TYPE 9205 DEGAUSSER 





Noise & program erasure. Use the best. 
Cinema’s Bulk-Tank Type Degausser 9205. 
Economically priced. Buy yours today. 


CINEMA ENGINEERING CO. 


1100 CHESTNUT STREET « BURE 


REX RHEOSTAT CO. 


BALOWIN LI. N.Y 


a, eee eect med / 
PROMPT SHIPMENTS 


WRITE FOR NEW CATALOG 








Hand 
0- TACHOMETERS— 
TACHOGRAPHS 
For indicating & Recording 
RPM, FPM—Fluctuations 
ty 25-48000—Accuracy 0.5% 
se Write for Circulars 


©. ZERNICKOW CO. 


21 Perk Row, New York 38, N. Y. 
rcle 150 on inquiry card. 
















FLOW INDICATORS 


All sizes up to 6’ 
Sia ieee) Ber Ve \hele 


ERNST 
Water Column & Gage Co. 
LIVINGSTON, N. J 





151 on ina 
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Vol. 


| 





| 











PRECISION 


OPTICS 


Manufactured to closest 
tolerances ... Large 
or small runs. 


LENSES .. 
PRISMS .. 
WINDOWS... 
MIRRORS.. 










HIGH VACUUM COATINGS 


Our engineering department is available 
for consultation. Send us your problem. 
Estimates promptly submitted 


ZENITH 





OPTICAL LABORATORY 
COPIAGUE, L. | MY 


For more information circle 952 on inquiry card. 


- META-MAGNET | 


The 


a.c. electro- 
magnet that attracts non- 
ferrous metals. Adaptation 
suggested for automation, 
sorting and handling, recov- 
ery of scrap, etc. Demon- 
stration model operates from 
115v 60 eycle circuit picks 
up half dollar. $41.50 pre- 
paid. Also desk model electromagnetic mineral 
separator for weakly magnetic minerals, op- 
erates on 115v 60 cycle. $75.00 prepaid. Litera- 
ture. 

META-MAGNET ASSOCIATES—P.O. Box 775, 
Sanford, Florida 
mation circle 153 on i 


patented 





nquiry card. 
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Electrical Engineer, degree required, elec- 
tronics and instrumentation assignment in 
laboratory. Experience desirable, 
remote control apparatus, servo mechan- 
ism, strain gauge, bridge design, amplifier 
Location 


research 


circuit design. 


290. 


study, electronic 


New Jersey. Box 











28 
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NEW LITERATURE 





Small Assemblies. New 16-page 
booklet “Fastening Techniques for 
Small Assemblies” shows how to save 
production dollars on fastening prob- 
lems with small assemblies.—Milford 
Rivet & Machine Co., Milford, Conn. 

Circle 700 on inquiry card. 


Sander. New Bulletin 5080 pictures 
and describes maker’s ‘‘Model D.A.” 
dual-action sander for sanding, scuff- 
ing, feather edging, discing, polishing, 
buffing, ete.—Detroit Surfacing Ma- 
chine Co., 1333 E. Eight Mile Rd., De- 
troit 20, Mich. 

Circle 701 on 


inquiry card. 


Screws, Pinions. New 4-page bulle- 
tin pictures maker’s pinions for me- 
chanical time fuses and watches, con- 
nector pins, miniature and subminia- 
ture parts for electronic equipment.— 
Histon Corp., 101 W. 31st St., New 
York 1, N. Y. 

Circle 702 on inquiry card. 


Cams, Jigs. New 4-page bulletin 
describes and illustrates maker’s pro- 
duction facilities for producing swiss 
cams, jigs, fixtures, etc.—Precision 
Cam Co., Inc., 27 Bruckner Blvd., New 
York 54, N. Y. 

Circle 703 on inquiry 


card. 
Micro-Drill Guides. New 2-page cir- 
cular describes maker’s micro-drill 
guides. Includes chart on hole sizes, 
body sizes and lengths of guides.— 
Micro Drill Guide, 3980 Superior Ave., 
Cincinnati 36, Ohio. 
Circle 704 on inquiry card. 


Bulletin 139 
maker’s cus- 
and stainless 
alloy metal 
91 Falstrom 


Metal Products. New 
presents description of 
tom fabrication of mild 
steels, aluminum and 
parts.—Falstrom Co., 
Court, Passaic, N. J. 

Circle 705 on inquiry card. 


Plastic Tooling. New 20-page illus- 
trated manual describes fabrication 
and indicates use of plastic tools as 
spotting racks, checking and inspec- 
tion fixtures, welding and assembly 
fixtures, duplicate die models, ete.— 
Marblette Corp., 37-21 30th St., Long 
Island City 1, N. Y. 

Circle 706 on inquiry card. 


Shaped Wire. New 16-page_ illus- 
trated Booklet DH-1226 describes ways 
of reducing machining costs with 
maker’s shaped wire for grooved- 
choke wires, valve-stem key stock, 
snap rings, oil-retaining rings and 
lock spindles——Page Steel & Wire 
Div., American Chain & Cable Co., 
Monessen, Pa. 

Circle 707 on inquiry 


card. 





GAGE GLASSES AND 


High Pressure Rubber Gaskets 
ALL SIZES TO FIT YOUR GAGES & VALVES 












ERNST WATER 
Send for Cataleg 


COLUMN & GAGE CO. 
LIVINGSTON, N. J. 
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MATERIALS 


Packaging Material. New 4-page 
bulletin describes maker’s “Hairflex” 
pillowed packaging material which is 
shock-resistant, dust-free and mois- 
ture-resistant—Armour Curled Hair 
Div., North Benton Rd., Alliance, Ohio. 


Circle 708 on inquiry card. 





Laminated Plastics. New 12-page 
bulletin presents description on mak- 
er’s “Insurok” laminated and molded 
plastics. Includes suggestive tech- 
niques for drilling, sawing, tapping, 
shearing, etc., and discusses typical 
applications using sheet, rods, and 
tubes.—Richardson Co., 2662 Lake 
St., Melrose Park, II. 

Circle 709 on inquiry card. 


Ceramics. New 4-page Bulletin 551 
presents information on mechanical 
and electrical properties of maker’s 
“Al1SiMag” technical ceramics.— 
American Lava Corp., Chattanooga 5, 
Tenn. 

Circle 710 on inquiry card. 


Phosphor Bronze. New Technical 
Data Sheet 101 presents applications 
and physical characteristics of mak- 
er’s phosphor-bronze.—American Sil- 
ver Co., Inc., 36-07 Prince St., Flush- 
ing 54, N. Y. 


Circle 711 on inquiry card. 


Lubricating Film. New Bulletin 102 
describes maker’s “MOLY-Spray- 
KOTE” lubricating film used for pre- 
vention of seizing, galling and weld- 
ing of metal parts.—Alpha Corp., 65 
Harvard Ave., Stamford, Conn. 

Circle 712 on inquiry card. 


Ceramics. New 24-page 30th Anni- 
versary Catalog pictures and describes 
maker’s ceramics, including ball and 
socket or fish-spine beads and brown 
insulating beads, ceramic ferrules, hy- 
draulic pressed parts, steatite tubing, 
etc.—Saxonburg Ceramics, Saxonburg, 
Pa. 

Circle 713 on inquiry card. 

Colloidal Graphite. New 4-page Bul- 
letin 433 contains information, pho- 
tographs, and charts on maker’s col- 
loidal graphite applications in elec- 
tronic and electrical industries.— 
Acheson Colloids Co., Div. of Acheson 
Industries, Ine., Port Huron, Mich. 

Circle 714 on inquiry card. 


Teflon. New 4-page Bulletin 155 de- 
scribes maker’s “Teflon” material for 
shaft sealing, high-temperature seal- 
ing problems, low-frictional require- 
ments, etc.—Sparta Mfg. Co., East 
Sparta, Ohio. 

Circle 715 on inquiry card. 


Silicone Grease. New 6-page Bro- 
chure 6-202 pictures and describes 
maker’s 41 grease, silicone fluid-car- 
bon black mixture for high-tempera- 
ture, slow-speed bearings.—Dow 
Corning Corp., Midland, Mich. 

Circle 716 on inquiry card. 


Nickel Powder. Two new Data 
Sheets PMS-72 and 73 list chemical 
and physical properties of two grades 
of “Plast-Nickel” electrolytic nickel 
powder.—National Radiator Co., 
Johnstown, Pa. 

Circle 717 on inquiry card. 














TO THE FINE ENGINEERING MIND 
SEEKING THE CHALLENGING PROJECTS IN 


HYDRAULICS AND CONTROLS 


HYDRAULICS AND CONTROLS ENGINEERS are urgently needed and offered 
exceptional opportunities now at Convair in San Diego, California. Hydraulics 
Engineers for analysis and selection of components, test stand operation and 
coordination, and training of field service personnel. Hydraulic Servo Engineers 
for system planning and analysis in relation to hydraulic operation of servo 
control systems. Pneumatics Engineers for design and selection of high pressure 
pneumatic actuators, weight reduction surveys on problems of hydraulics vs. 
pneumatics, and thermodynamic and fluid dynamic analysis of systems. Control: 
Engineers for layout and design of control system for high performance aircraft; 
coordination of powered flight controls with servo mechanism and_ hydraulic 
systems; automatic flight controls, including pilot assist, pitch and yaw damper; 
and other sub-systems analysis and design. 


CONVAIR offers you an imaginative, explorative, energetic engineering depart- 
truly the “engineer's” engineering department to challenge your mind, 


ment... 
your skills, your abilities in solving the complex problems of vital, new, long 
range programs. You will find salaries, facilities, engineering policies, educational 
opportunities and personal advantages excellent. 





SMOG-FREE SAN DIEGO, lovely, sunny city on the coast of Southern California, 
offers you and your family a wonderful, new way of life... a way of life judged by 
most as the Nation’s finest for climate, natural beauty and easy (indoor-outdoor ) 
living. Housing is plentiful and reasonable. 


Generous travel allowances to engineers who are accepted. Write at once 
enclosing full resume to: 


H. T. Brooks, Engineering Personnel, Dept. 1104 


CONVAIR 


A Division of General Dynamics Corporation 


3302 PACIFIC HIGHWAY SAN DIEGO, CALIFORNIA 
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Monsell Company, John R. 
Murphy & Miller, Inc. 
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Nash Engineering Company 
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Optical Publishing Co. 
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Western Gear Works 
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Zenith Optical Laboratory 
Zernickow Company, O. 











Keep up-to-date on 


INSTRUMENTATION 
M AUTOMATIC CONTROL 
“ AUTOMATION 


a 1-year subscription to 


INSTRUMENTS and AUTOMATIO 


— for 28 years the world’s leading magazine of measurement and control — 


brings you 



























































0) Check for address change. Show OLD address here: 





| me ’ ; 
more than ! #3 : : ita 
I hes i} i oe 
_ =z i} i i 
>. i 
2000 pagesof § 5 : : : in : & 

- ; : : { : i @ 
instrumentation | 2 % 76 g sg ied s  ¢ 
instrum iz = $0 = = |z | 5 

r os > 9 ° ° ° £ 
oie S &@ < a. a. a. a. ° 
iwnmws e 
ata for 2 3 oo ! : : 
|g £22 : 
* = & S - 
as little as ! 7 ; 
a. é z | ond ® 
1 " = y 4 E 
+8 3 ts s 
> & = 
$2.00 per year | & : :5 : : 3 ote 
l S © H 3 4 2 2 2 ° 
1 3 3 3 3 4 
: 15 3 iz t % rf a 5 
Details on next page tw be i : £ ! 2 2 z 
1 & 2 ot : 5 s ; § 5 
, _ ' ss = Pasi 2 ‘2 u 
Use This Subscription Card ® | Z ° 32 a: =" + “ 
’ ¢ 2 ita ke Speake inek s $3 
I ss 8 © o & 2 2 ea 3 2 ea 3 2 eas © 
' E 2 és Eetevgyvs €eevyvwes Eetevs Eetevuv %5 
72 woe. es © F 6) 8 Ss F ee 2 fF Sie 8S Se St 
Inquiry Card » ! —-~*e82 un <i2O0a <iZOa<tiZoa<ciZzoa < 
Ie a RO ae a ela a a ee de al eb: 0 Se ae ae a 
I 
; Please fill In COMPLETELY: Instruments 
1 Name Title and Automation 
For further details con- | - 6 
cerning developments | Company April "06 
le . : Good until 7-1-55 
reported in advertise- | Products Manufactured 
ments, New Product or |; Company 
° Address BI iesicheteaictcnvnicscenatidesiciioesmanan I icici ee 
New Literature re- ! 
views, CIRCLE THE : Advertised Products New Instruments New Literature 
NUMBER correspond- ,; | 2! 41 61 81 101 121 141] 201 221 241 261 281 301 321 341 361 381 40! | SO! 521 541 561 581 601 621 641 66! 68! 70! 
: z 2 22 42 62 82 102 122 142] 202 222 242 262 282 302 322 342 362 382 402] 502 522 542 562 582 602 622 642 662 682 702 
ing to that which ap- | 3 23 43 63 83 103 123 143 203 223 243 263 283 303 323 343 363 383 403 | 503 523 543 563 583 603 623 643 663 683 703 
2 | 4 24 44 64 84 104 124 144] 204 224 244 264 284 304 324 344 364 384 404 | 504 524 544 564 584 604 624 644 664 634 704 
pears with the ad or , 5 25 45 65 85 105 125 145] 205 225 245 265 285 305 325 345 365 385 505 525 545 565 585 605 625 645 665 685 705 
2 6 26 46 66 86 106 126 146] 206 226 246 266 286 306 326 346 366 386 506 526 546 566 586 606 624 646 666 686 706 
write-up. | 7 27 47 67 87 107 127 147} 207 227 247 267 287 307 327 347 367 387 507 527 547 567 587 607 627 647 667 637 707 
Wh ae , 8 28 48 68 88 108 128 148} 208 228 248 268 288 308 328 348 368 388 508 528 548 568 588 608 628 648 668 688 703 
@n indicating 9 29 49 69 89 109 129 149] 209 229 249 269 289 309 329 349 369 389 509 529 549 569 589 609 629 649 669 689 709 
choone. of ebdvoes 1 10 30 50 70 90 110 130 150} 210 230 250 270 290 310 330 350 370 390 510 530 550 570 590 610 630 650 670 690 710 
' 
! 
11 31.51 71 Ot HNN 131 151] 201 231 251 271 291 311 331 35! 371 39! 511 531 551 571 591 611 631 651 671 691 711 
kindly note old address. | j2 32 52 7 92 112 132 152] 212 232 252 272 292 312 332 352 372 392 512 532 552 572 592 612 632 652 672 692 712 
y 13.33 53 73 93 113 133 153] 213 233 253 273 293 313 333 353 373 393 513 533 553 573 593 613 633 653 673 693 713 
i 14 34.54 74 94 114 134 154] 214 234 254 274 294 34 354 374 394 514 534 554 574 594 614 634 654 674 694 714 
Page 667 |! 15 35.55 75 95 115 135 155] 215 235 255 275 295 is 335 355 375 395 515 535 555 575 595 615 635 655 675 695 715 
j 16 36 56 76 96 116 136 156] 216 236 256 276 296 316 336 356 376 396 516 536 556 576 596 616 636 656 676 696 716 
17 37 57 77 7 117 137 157 | 217 237 257 277 297 317 337 357 377 397 517 537 557 577 597 617 637 657 677 497 717 
1 18 3858 78 98 118 138 158] 218 238 258 278 298 318 338 358 378 398 518 538 558 578 598 618 638 658 678 698 
; 19395979 99 119 139 219 239 259 279 299 319 339 359 379 399 519 539 559 579 599 619 639 659 679 699 
; 20.40 60 80_100_120_140 220 240 260 280 300 320 340 360 380 400 520 540 560 580 600 620 640 660 680 700 
1 
i 











Read 
INSTRUMENTS and AUTOMATION 


for the latest developments in 


AUTOMATION e AUTOMATIC CONTROL e INSTRUMENTATION 


Regular one-year subscription price is $4.00 


ee 


on two or more new subscriptions 
or renewals sent together on one order, 


the rates are reduced as follows: 


2 separate 


oe ee $6.00 





FIRST CLASS 
PERMIT No. 1441 





























(Sec. 34.9 P.L.&R.) 
PITTSBURGH, PA, 3 ara 
— subscriptions $7.50 
RS A 
BUSINESS REPLY CARD === 4 separate 
NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES aaah one-year $9 00 
—- subscriptions : . 
3c POSTAGE WILL BE PAID BY— = F 
RENEE 
a 5 separate 
+ RABE 
oR: one-year 
INSTRUMENTS PUBLISHING CO. — aamtitae $1 0.00 
. A Se 
845 Ridge Avenue —, Offer good only in U.S. and Canada 
Pittsburgh 12, Pa. oa 
ORE ETT * 
NB ee eR 
FIRST CLASS ¥ In one year | & A brings 
PERMIT No. 1441 ou more than 
isdn 26. 2000 _ of instrumentation 
ata. 








2000 reviews of new instru- 
ments. 





BUSINESS REPLY CARD 


NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES 





2000 indexed literature 
items. 





3c POSTAGE WILL BE PAID BY— 

2000 indexed listings of 
instrument manufac- 

INSTRUMENTS PUBLISHING CO. turers and their 

products. 

845 Ridge Avenue 


Page 668 
Pittsburgh 12, Pa. 








ometer to meet a wide 


Versatility—A potenti 
ithout additional design 


field of applications W 
changes. 

Permanent Accuracy—Resistance element in- 
tegrally molded within the housing. All leads, 
taps and terminals firmly encapsulated, perman- 


ently locked in place. 
ead screw to guide 


Long Life—Rigid, fixed | 
contact over resistance element. 


Dependability —A potentiometer that possesses 
excellent mechanical and electrical stability 


under extreme environmental conditions. 


5 Absolute Linearity—A potentiometer with line- 
arity built into it. don't want to hunt for linearity 


by trimming. 





Specifications! t my rigid commer: 
i irements. 


cial and/or milita 


Availability—! want 


needs readily available in production quantities. 


BORG 900 SERIES 
MICROPOTS 


Meet All These Requirements 


‘ d 


A precisi 
on 10-turn . 
potenti- ‘ 
ometer th _ assurin 
at offers your ea g you fast delivery of any model 
elin any 


gees a price advantage ff ; 
° ay’s competiti f f : 
markets. Engi itive / f ee It's 
sean gineered for a a no wonder that th 
easy installati ; —<—o these pots h 
inch coded “eng So 9 \ tremendous reception for th ave had such a 
. urate, \ \ “New St ey are trul 
andard of Precisi ruly the 
TeECI1S10. . 
Let us send you enginee : : ee, 
of your n ring data and na 
earest Borg ‘‘Tech-Rep”. Write t pu 
' oday. 


quantity. 
y. All 48 models are available now! 


dependable, | ee 
, long lived. YS 


‘ , 
ORG EQUIPMENT DIVISION 


THE GEO 
RGE W. BORG CORPORAT 
JANESVILLE, WISCONSIN par 


B ON inquiry car 














SIMPLE 








HAMMEL-DAHL MAKES THE SAUNDERS VALVE 
AUTOMATIC 
= MAINTAINING ITS BASIC SIMPLICITY 


and LOW COST 


Superstructure 


H-D ALLSTEEL 
SECURELY FASTENED TO BODY 


AIR-TO-CLOSE 
AIR-TO-OPEN 


PRELOAD (SPRINGLESS) 
THROTTLING CONTROL 


DUPLEX (SPRINGLESS) 
ON-OFF CONTROL 


Body 


SCREWED AND FLANGED ENDS 
GRINNELL OR HILLS-McCANNA 


WIDE VARIETY OF MATERIALS 
FOR BODY, LINING, AND DIAPHRAGM 


SIZES ¥2’°—10” 





COMPLETE 
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